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Diesel-Electric Locomotives for Ceylon 


Government Railways 


By E. H. CROFT, A.M.I.C.E., M.1.E.E. 
Traction Department, Witton. 


INTRODUCTION. 


URING the latter half of 1951, eight diesel- 
electric shunting locomotives have been 
delivered and placed in service in Ceylon, 

the G.E.C. being the contractors for the com- 
plete electrical equipment. The mechanical parts 
were supplied by the North British Locomotive 
Co. Ltd., who also acted as main contractors. 
A general view of one of the locomotives in 
service in Ceylon is seen in the frontispiece. 

Diesel-electric equipments for both locomo- 
tives and motor coaches have been used by rail- 
way companies for well over half a century, but 
the full appreciation of their many advantages 
for certain conditions of service, together with 
the development of modern load control in its 
many forms, may be said to date back to about 
ten years before the second World War. 

It is well known that where the traffic density 
is low, it is uneconomic to feed energy to the 
vehicle from a stationary prime mover, and that 
the prime mover should be carried on the 
vehicle. In such a service, the diesel-electric 
equipment is vastly superior to the steam engine. 
It is always available without the need of getting 
up steam, it requires no water beyond occasional 
radiator topping up and its fuel is easily handled 
and quickly taken on. Therefore the diesel- 
electric vehicle is of special advantage on lines 
where water is scarce, such as may be the case 
overseas; and further it is ideal as a shunting 
locomotive since its standby losses are low 
compared with those of a steam locomotive. 

The electrical transmission provides a form of 
infinitely variable gear over a suitable speed 
range, and permits many automatic features to 
be introduced to protect the diesel engine and 
make the driving of the simplest possible charac- 
ter. Also the characteristic of the variable gear 
results in a given design of locomotive having a 
vide range of applications. Incidentally the 
C.esel-electric locomotive is easily adaptable to 
n ultiple unit operation, which is often required. 


For electrified railways the diesel-electric 
shunting locomotive is often found to be ideal, as 
there are many objections to providing either con- 
ductor rails or overhead lines in goods yards. 

Many attempts have been made to introduce 
forms of mechanical drive between the diesel 
engine and the wheels, by means of gear boxes, 
torque converters and various combinations in 
some cases associated with more than one engine 
per vehicle. Some of these arrangements have 
proved suitable for very light motor coaches and 
very light, mostly narrow-gauge, locomotives. 
On the larger sizes of equipments for severe 
service conditions, electric transmission is of 
proven superiority. 

The fundamental problem facing the designer 
is the automatic utilisation of full engine power, 
at a given engine speed, over the widest range of 
tractive effort, without any possibility of over- 
loading the engine. This is achieved by reducing 
the generator voltage as the current demanded 
by the driving motors increases, and vice versa. 
In the case of G.E.C. equipments the voltage 
control is directly associated with the engine 
governor. If for any reason engine power falls, 
the equipment will automatically adjust its 
output, and the engine will not be stalled. 


MAIN FEATURES. 


The Ceylon locomotives have been built to 
the requirements of Mr. B. D. Rampala, Chief 
Mechanical Engineer of the Ceylon Government 
Railways, and under the supervision and inspec- 
tion of the Crown Agents for the Colonies. They 
are of the Bo-Bo type, non articulated, and carry 
the draw gear and buffing gear on the main 
underframe. 

Power is supplied by a Davey Paxman 12 
RPHXL Vee type, twelve-cylinder diesel 
engine, rated at 625 h.p. at 1,250 r.p.m. Each 
axle is driven through double reduction gears 
by an axle-hung motor, and, as the locomotive 
is intended for shunting duty, one driving cab 
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only is provided having a suitable arrangement 
of controls for easy driving in both directions. 
Fig. 1 illustrates the locomotive and shows the 
layout of the equipment, while a general view is 
seen in fig. 2. 

The power unit consists of the engine, the 
main generator and the auxiliary generator 
mounted on a common bedplate, the whole unit 
being centrally located for the purpose of 





Fig. 2.—General view of the diesel-electric locomotive. 


equalising the axle loadings. Fig. 3 illustrates 
this, and it will be seen that the bedplate is of 
light weight but considerable three dimensional 
rigidity. Between this bedplate and the loco- 
motive floor rubber pads are arranged, and the 
unit is held down by bolts associated with back- 
ing-up springs, one of which is seen in fig. 3. 
This method was considered better than three- 
point suspension, since it is simple and prevents 
any flexing or twisting of the locomotive frame 
from having any effect on the engine or genera- 
tor, and at the same time avoids high local loads 
on the frame. In this particular case it was neces- 
sary to have a two-bearing generator which is 
connected to the engine by means of a “ Well- 
man-Bibby ” coupling. 

One of the fuel tanks is carried towards the 
leading end of the power unit, the other being 
arranged between the unit and the driver’s cab, 
the two tanks being suitably interconnected. A 
oulkhead around the frame of the main generator 
completely separates the engine from the electrical 
equipment. The electrical control equipment is 

arried partly on a frame in the generator com- 
artment and partly inside the driver’s desk. 
‘he exhausters are carried outside on the floor 
{ the main frame where it projects beyond the 
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sides of the engine compartment. The battery 
is similarly situated in suitable containers. 

The radiator is at the end remote from the 
driver’s cab and the radiator units are arranged 
on each side of the body. An inverted “ Y ” 
form of duct unites towards the roof and in the 
united portion is situated a fan which is elec- 
trically driven. This ducting forms the sides 
and top of a “cave-like” compartment into 


nd 


which the fan motor projects downwards and in 
which the air compressor is mounted. The air 
intake for the two adjacent main motors is 
situated in this compartment; access to it being 
from the front of the locomotive through a door 
containing the air filters. 

As mentioned previously, each axle carries 
one of the four axle-hung motors. They are 
self-ventilated, drawing in only filtered air, two 
taking air from the compressor compartment and 
two from the generator room. 

The general ventilation and blowing systems 
are of great importance in all diesel equipments, 
the arrangement on these locomotives being both 
simple and effective ; the main radiator blowing 
is an entirely separate circuit. There are two 
ventilation circuits, the main one passing through 
side filters into the generator room, where it 
divides, some of the air being drawn through the 
adjacent two traction motors and exhausted 
below the floor, while the bulk is drawn through 
the generator and auxiliary generator and is ex- 
hausted into the engine room, so cooling it and 
dispersing any fumes. The air finally passes 
out to atmosphere through ventilators in the roof. 
The secondary circuit air enters the cave-like 
compressor compartment through the door filters 
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at the front end of the locomotive and is drawn 
through the adjacent two motors and exhausted 
below the floor plates. 

Combustion air is drawn by the turbo- 
chargers through louvres and filters in the engine 
room sides and constitutes an entirely separate 
air circuit. 

MECHANICAL PARTS. 

General data regarding the mechanical parts 

are given in Table 1, and a general arrangement 


in fig. 1. The main and bogie frames are fabri- 
cated from steel sections and plates welded 


TABLE 1. 

Gauge... sh 5 ft. 6 ins. 
Length over buffers 37 ft. 9 ins. 
Bogie wheel base 8 ft. 0 ins. 
Total wheel base 25 ft. 0 ins. 
Wheel diameter ... ‘a 3 ft. 7 ins. 
Weight in working order 54 long tons 
Maximum speed 20 m.p.h. 
Gear ratio ied 17-14 to 1 
Fuel capacity main tank 480 galls. 
Fuel capacity service tank 70 galls. 
Cooling water capacity ... . 673 galls. 
Tractive effort at 30 per cent. 

nominal adhesion 36,000 Ibs. 
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together. By this form of construction, the 
desired strength is obtained with a minimum of 
weight. The bogies, one of which is seen in 
fig. 4, are attached to the underframe, and trans- 
mit their tractive forces to it by means of the 
usual king pins, provided with spherical collar 
mountings in the bogie cross members, to allow 
for variations in track aspect. The actual body 
load is not carried in any way by the king pins 
but by two side bearers in the bogie frame having 
manganese steel rubbing surfaces, suitably 
damped by rubber pads and embodying a sup- 
porting spring to the spherical seating. This 
relatively simple form of support allows the 
locomotive to ride easily on irregular goods yard 
track, without danger of derailment or of any 
overstressing of the underframe. 

The axle boxes are of the S.K.F. double 
roller type mounted outside the wheels and 
provided with manganese steel rubbing plates, 
similar rubbing plates being fitted to the guides. 
The suspension springs are slung above the axle 
boxes and are provided with adjustable links 
associated with helical auxiliary springs. 

Air brakes are used on the locomotive for which 
purpose a D.H.25 Westinghouse compressor 1s 
provided, which also supplies the air for the 
electro-pneumatic control equipment. As the 
trains are vacuum braked, however, each loco- 
motive has two Westinghouse 3V72 exhausters, 





Fig. 3.—Engine and generator unit mounted on sub-frame. 
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yne or both being in service as may be 
required. 

Locomotive speed indication is by means of 
an electrical speedometer. 


ELECTRICAL EQUIPMENT AND CONTROL. 


Before a detailed examination of the main 
items of the equipment is made, the general 
electrical scheme of the complete locomotive 
will be described. 

Fig. 5 shows the power circuits in schematic 
form. ‘The main generator G is driven by the 
diesel engine and, by control means described 
later, may be run at any one of eight different speed 
settings under the control of the driver. The 
exact speed will vary slightly with the engine 
loading, and on any one speed setting will be 
different for each tractive effort step on the lower 
notches where the full engine output is not used, 
this may be followed by reference to the sequence 
chart on fig. 5. 

The generator is provided both with a self- 
excited field winding and a separately-excited 
field winding which is controlled by two series 
resistances; one under the driver’s control from 
the master controller and the other under auto- 
matic control from the engine governor. The 
dual arrangement is such that the driver can 
always reduce the available output from the 
generator, but mever exceed the maximum 
engine output for the given speed 
setting. A discharge resistance is 
automatically connected across the 
generator field when the field contactor 
MF is opened. To reduce the 
range over which the separately ex- 
cited field has to be regulated an 
inverse series winding is provided, 
and to permit the main generator 
being used for engine starting it is 
provided with a farther series wind- 
ing connected to the battery through 
suitable contactors SC1l and SC2. A 
generator voltmeter, ammeter and 
electrical engine tachometer indicate 
the power unit performance. 

Each main motor is fed through an 
isolating link which may be used as a 
motor isolater in emergency or for 
maintenance testing. From this link 
the circuit passes through an overload 
relay and main contactor. Each of the 
four contactors fulfils the double pur- 
dose of circuit breaker and main 
witching contactor ; the locomotive 
eversal is carried out by motor field 
eversal. No field diversion is pro- 


vided, as this is not required to meet the service 
conditions. One pole of the main power circuits 
is normally earthed for safety, but a link permits 
the circuits to be operated unearthed in emer- 
gency or for maintenance testing. 

Since it 1s desirable to be able to start the 
diesel engine when the battery is discharged, 
arrangements are made so that the main motors 
may be used as generators and the locomotive 
towed until sufficient power is generated to start 
the engine. A special engine start switch RS 
is provided for this purpose, three contacts of 
which connect three motors to the starting field 
of the generator and two contacts bus the 
motor fields to ensure reliable build-up as 
generators. It should be noted that the reverser 
must be thrown to the position corresponding to 
a direction of motion opposite to that in which 
the locomotive is to be moved. 

Fig. 6 shows the performance curves which 
are obtained, and it will be noted that these 
provide an easy means of starting and controlling 
the speed of widely different loads, from that of 
a locomotive running light to one hauling a train 
of many hundreds of tons. On steps 1, 2, 3, 4 
and 5 full engine output for the corresponding 
engine speed is not used, while on steps 6, 7 and 
8 full engine output is available over most of 
the locomotive speed range. On steps 9, 10, 11 
and 12 full engine output is available from wheel 
slip up to about 17 miles per hour. The 12 steps 





Fig.4.—Complete locomotive bogie showing disposition of 
driving motors and gearing. 
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Fig. 5.—Schematic diagram of main power circuits. 
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:re obtained by 8 settings of the engine governor, 
these are nominally 755, 825, 890, 950, 1,025, 

5100, 1,175 and 1,250 r.p.m., and control of 
the separately excited field. This will be readily 
followed from the sequence chart, for example, 
on the nominal 825 r.p.m. setting, three series- 
resistance values are introduced giving steps 
2, 3 and 4, 


AUXILIARY CIRCUITS. 

The auxiliary circuits are shown in fig. 7. 
An auxiliary generator built into the end of the 
main generator supplies energy at 110 volts for 
auxiliary and control equipment, lighting and 
battery charging. The auxiliary generator is 
provided with a field separately excited from the 
battery under normal running conditions by the 
closing of contactor AF. This ensures very 
positive and smooth build-up of voltages. Con- 
stant voltage is maintained primarily by a carbon 
pile voltage regulator, of Newton Bros. manu- 
facture, and secondarily by series field resis- 
tances RR1 and RR2. RR1 is introduced 
when the engine is running at nominal speeds 
of 890, 950 and 1,025 r.p.m. and RR1 and RR2 
are both introduced at speeds 1,100, 1,175 and 
1,250 r.p.m. This arrangement not only permits 
a smaller carbon pile regulator to be used but 
also a much more easily loaded regulator ; 
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maintenance is thereby reduced. Should the 
battery be isolated in an emergency, contacts 
on the isolating switch change over the field 
excitation from the battery to the generator. 
To afford protection against switching surges 
due to field induction, a selenium rectifier is 
connected in parallel with the field, while to 
prevent overloading of the auxiliary generator 
in the event of a heavily discharged battery, a 
series inverse compounding coil 4-5 is associated 
with the main operating coil of the regulator. 
To avoid hunting and to give damped response, a 
small transformer is incorporated. If, due to 
sudden reduction in load, the auxiliary generator 
voltage increases, current will pass through the 
carbon pile, and due to the field inductance, will 
pass mainly through the left-hand winding of 
the transformer. This creates a voltage in the 
other coil in opposition to the voltage applied to 
the main coil and consequently causes a damping 
action. A small trimmer resistance is provided 
for minor adjustments. 

The battery consists of forty-eight cells of the 
lead-acid type, normally floating across the auxili- 
ary generator. A suitable battery cut-in and 
cut-out relay, associated with a contactor CO 
connects the battery to the auxiliary generator 
when voltage conditions are suitable, and a 
main isolating switch disconnects the battery in 
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Fig. 6.—Performance curves of 625 h.p. diesel-electric locomotives with 


machines at 110 degs. C. 
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emergency or for maintenance. In the isolated 
position, a charging plug is available and a volt- 
meter is arranged to indicate battery voltage 
under all conditions. 


AUXILIARIES. 


The radiator fan motor is connected directly 
across the auxiliary generator as it does not 
require to run when the engine is shut down or in 
the rare event of the failure of an auxiliary 
generator. As it starts up with the auxiliary 
generator no starting equipment is required; 
two running speeds are provided by means of a 
tapped field, which is automatically controlled 
from the master controller, the high speed being 
used on steps 7 to 12 inclusive. Normally the 
fuel transfer pump is similarly connected but 
may be run from the battery, should the service 
fuel tank be empty when it is desired to start 
the engine. 

A Westinghouse D.H.25 compressor connec- 
ted across the battery supplies air for the loco- 
motive brakes and for the electro-pneumatic 
control items of equipment, and is controlled by 
the usual compressor governor. Two-speed 
Westinghouse type 3V72 exhausters, of which 
there are two, supply the vacuum for the train 
brakes. Other equipment connected directly 
from the battery comprise lighting, hand lamp 
sockets, electrical mileage recorder, driver’s fan 
and the automatically-controlled oil priming 


pump. 


CONTROL CIRCUITS. 


The control circuits are shown in fig. 8, but 
before explaining these in detail it will be helpful 
to give a description of the driver’s desk, the 
arrangement of which is shown in fig. 9. The 
desk is located against the driver’s cab bulkhead 
and is arranged for driving from either side. 
When shunting, the driver can sit sideways at 
either side from where he can see easily in both 
directions ; alternatively he can choose one side 
or the other and sit facing in whichever direction 
he desires, essential handles being duplicated. 
Each pair of handles operates one controlling 
mechanism, whether master drum for power or 
valves for brakes. On the panel against the bulk- 
head the following switches and instruments 
are carried: air pressure gauges, lubricating oil 
and cooling water temperature gauges, generator 
and battery voltmeters and ammeters, engine 
tachometer, locomotive speedometer, mileage 
recorder, lighting switches, exhauster selection 
switches, engine stop and start buttons, and 
overload reset button. 

Above the panel on the bulkhead are two 
exhaust temperature indicators. 


The actual driving handles are as follows : 
(1) driver’s vacuum application valve handles, 
one on each side nearest to the bulkhead and 
each provided with a fly handle, one handle 
operating the vacuum valve direct and the other 
mechanically connected; depression of either 
fly handle speeds up the exhausters, provided 
the driver’s valve is in release; (2) straight air 
brake control handles, again one on each side 
and coupled; (3) dual sanding levers each 
giving forward or reverse sanding ; (4) a control 
switch head for the control key switch; (5) a 
reverse lock head for the reverse key, this head 
being provided with three positions, off, run and 
engine test; (6) two reverse handles, one on 
each side and coupled ; and (7) two main power 
control handles also coupled and driving the 
main master controller drum. On each side of 
the desk is a dead man’s flap or pedal, which 
must always be depressed while driving. If 
released, power will be switched off and the 
brakes applied after a time interval of a few 
seconds, which allows the driver to change sides 
while travelling on load. 

On taking over the locomotive, the driver 
places the control key on the control switch 
operating head and moves the control key switch 
to the “on” position. The key is retained on 
the head in the “‘ on” position and can only be 
removed in the “ off ” position ; when removed, 
all control circuits are left inoperative. The start 
button may now be pressed and will first set the 
engine relay to the running position. So long 
as the main contactors and the main field con- 
tactor are open, the oil priming pump will be 
started by the closing of the contactor OP. As 
soon as oil priming pressure has built up, it will 
allow the engine-run valve and the auxiliary 
generator field contactor to operate due to the 
closing of the oil-pressure relay. This will permit 
the supply of fuel to reach the engine and will 
also excite the auxiliary generator to allow battery 
charging when idling. It will also supply oil 
pressure to the servo governor making it opera- 
tive, and at the same time permit the governor 
to deliver excess fuel for starting. As soon as the 
governor has correctly reacted to this sequence 
of events, it operates an associated starting limit 
switch which causes the starting contactors 
SCl and SC2 to close and the generator, 
acting as a motor, will turn and start the engine. 
As the engine speed rises, the starting limit 
switch associated with the governor will cause 
the starting contactors to open, and if the driver 
does not at once release the starting button, con- 
tacts on the battery contactor will operate and 
stop the priming pump. Loss of pressure at this 
pump adjusts the engine overload stop, making 
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Fig. 8.—Schematic diagram of control circuit. 
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he starting excess fuel injection no longer pos- 
ible during normal running. 

The reverser lock key may then be placed on 
he reverse head which, when in the “ off” 
sition, locks the reverser in the neutral position 
ind the main handle in the “off” position. 
Unless the main and reverser handles are in the 
‘off’? and neutral positions respectively, the 
everse lock cannot be moved to “ off ”’ and the 
Key removed, so that when the Key is taken out 
the whole control is inoperative. The reverse 
head has two “on” positions : one for normal 
running and the other for engine testing. In 
the former position, the main control handles 
are freed for operation and all control is opera- 
tive; in the latter, the main handles are freed, but 
the reverse handles are locked in neutral, thus 
full engine control is available for testing, while 
the power circuits to the motors are isolated. 

The dead man’s valve, when energised, per- 
mits the brakes and power to be entirely under 
the control of the driver, and should it be de- 
energised it will, after a delay of about 5 seconds, 
cut off the power and apply the brakes. It is 
energised in the “off” position of the reverse drum 
so that it is possible to prevent emergency appli- 
cation when not driving, and, during driving, it 
is energised by one or the other of the dead 
man’s pedals on the sides of the control desk. 
An important point is that the circuits are so 
arranged that if the dead man’s valve is de- 
energised during driving, it can only be re-ener- 
gised when the main handle is in the “ off” 
position. 

It will be recalled that there are eight engine 
governor settings obtained by a series of levers 
and three air pistons, which adjust the governor 
setting. These pistons are controlled by three 
E.P. valves, the coils of which are shown as G.A.., 
G.B. and G.C., and by suitably energising differ- 
ent valves the eight governor settings are ob- 
tained. As previotsly mentioned, the radiator 
fan is run at a higher speed on power steps 7 to 
12 inclusive, and the energising of contactor FC 
throughout these steps causes the fan to run at 
the higher speed. The partial voltage control 
of the auxiliary generator, by means of resist- 
ances in series with the field, is carried out by 
the contacts shown on fig. 8. The usual electrical 
controls of the vacuum brake exhausters and 
exhauster cut-out valves are operated from con- 
tacts on the driver’s brake valve. 

The automatic regulation of power output 
from the generator is obtained by regulating the 
generator voltage by means of a multi-section 
resistance connected to the bars of a fixed 
commutator. Round this commutator a brush 
may be moved in either direction of rotation 


through about 300°, by means of a vane type 
oil servo motor which is operated by engine oil 
pressure. The primary control is a valve asso- 
ciated with the engine governor which will cause 
the oil servo motor to adjust the field rheostat 
to maintain full load on the engine and avoid 
overloading. In addition, two electrically- 
operated valves A and B overrule the governor 
control and, when de-energised, bring the rotary 
rheostat back to the “ all-resistance-in ”’ position. 
This has the advantage of giving an extremely 
cushioned start on all occasions. 

It has been noted that one advantage of 
electrical transmission is the many simple pro- 
tective features that may easily be introduced. 
For example, failure of lubricating oil pressure 
or overheating of cooling water will shut down 
the engine. Failure of the voltage regulator will 
switch off the auxiliary generator and again 
shut down the engine, thus avoiding the occur- 
ence of dangerously high voltages. If the road 
start switch is operated, interlocks prevent 
interconnection between the motors and genera- 
tor and the battery. 

To stop the engine under normal conditions, 
apart from the various safety features which shut 
down the engine, it is necessary only to press 
the stop button which trips out the engine relay, 





j 


Fig. 9.—Driver’s control desk. 











Fig. 10.—Radiator cooling fan motor. 


this in turn de-energises the auxiliary generator 
field and the engine-run valve. The latter cuts 
off the oil pressure to the governor which conse- 
quently stops the supply of fuel to the engine. 


THE DIESEL ENGINE. 


The reliability and ease of main- 
tenance of the locomotive will de- 
pend primarily on the diesel engine, 
which in this case is a Paxman 12 
RPHXL series I, twelve-cylinder Vee 
type, having a rating of 625 b.h.p. at 
1,250 r.p.m., being one of a series of 
traction type engines developed by 
Davey, Paxman and Company. Each 
engine is provided with twin Brown 
Boveri exhaust gas turbo-chargers, 
air being drawn in through suitable 
Vokes five-ply filters. The cylinder 
bore is 7 ins. and stroke 7} ins. 
the Ricardo Comet MK111 combus- 
tion system being adopted. The 
pistons are of cast aluminium alloy 
and are provided with high-grade 
cast-iron rings, three for pressure 
and two for oil control; one oil 
control ring being situated above the 
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gudgeon pin. Special attention is given to the 
rigid support of the main bearings which carry 
the “Nitralloy” crankshaft. The connecting 
rods are heat treated carbon steel forgings, 
machined all over and accurately matched for 
balance and weight. 

The design of the engine is based on a number 
of self-contained sub-assemblies, which results 
in ease of handling and of maintenance. Fig. 3 
shows the general appearance of the engine 
mounted on the bedplate with the generator. 
As previously mentioned the governor is of the 
hydraulic servo type and is so constructed that 
it shuts down the engine if the lubrication oil 
pressure fails. The lubrication system is primed 
for starting by a separately-driven motor pump, 
and the pressure is maintained by an engine- 
driven pump. A further engine driven pump 
forces oil from the sump round a cooling system, 
this circuit being entirely independent of the 
main pressure system. Cooling water is circu- 
lated through the engine and radiator by a vee 
belt driven centrifugal pump. The radiator is 
cooled by a vertically mounted fan driven by a 
110 volt motor rated at 15 h.p., 1,750 r.p.m., 
and 25 h.p. at 1,120 r.p.m. (fig. 10). 


ELECTRICAL MACHINERY. 
THE GENERATORS. 


Fig. 11 shows the main and auxiliary generators 
which are built as a unit; both machines have 
class B insulation. In service, the voltage range 
of the main generator varies from below 50 up 
to about 900 at the maximum speed of the loco- 





Fig. 11.—Main and auxiliary generators for diesel-electric locomotive. 
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motive on light load. It is rated continuously in 
eccordance with B.S.173/1941 at 600 amps., 
675 volts at 1,250 r.p.m. 

The overhung auxiliary generator 
is built on the same basis and its con- 
tinuous rating, based on B.S. 173/ 
i941, is 25 kW at 110 volts from 750 
to 1,250 r.p.m., the voltage being 
maintained constant over this range 
by suitable regulation. The whole 
unit is self-ventilated, drawing fil- 
tered air from the generator room, 
which is finally discharged into the 
engine room, the filters being housed 
in the side of the locomotive super- 
structure. 


TRACTION MOTORS. 


The traction motor complete with 
gear is shown in fig. 12. These 
motors are built to the best traction 
practice embodying class B insula- 
tion, and are continuously rated in 
accordance with B.S. 173/1941 at 
123 h.p., 150 amps., 675 volts, 1,600 
r.p.m. They are capable of operat- 
ing at lower currents and higher 
voltages and are fully stable under all condi- 
tions. As will be seen from fig. 12 they are of 
the axle-hung type ; the single gearcase carrying 
the double reduction gear is clearly visible on the 
right of fig. 12, while on the left may be seen the 
top commutator cover, and behind it the air 
inlet for the filtered air. The machines are 
self-ventilated, the discharge outlet being visible 
on the left. 


ITEMS OF CONTROL. 
EQUIPMENT. 

Fig. 13 shows the oil servo for the control 
of the generator excitation. A vane type 





Fg. 12.—Traction motor rated at 123 h.p., 675 voits, 1,600 r.p.m. 


oil servo situated on the remote side of the 
flange rotates the arm carrying the three 
brushes and the interlock drum; a pair of inter- 





Fig. 13.—Oil servo regulator. 


lock fingers is clearly visible. The drive passes 
through the stationary commutator, connections 
from which are carried by means of multi-core 
cables through holes in the top plate to the resist- 
ances. Two brushes bear on the fixed commuta- 
tor and one on the common ring. The controlling 
valve on the engine governor, by means of 
lubricating oil pressure, determines the position 
of the servo vane and consequently the amount 
of resistance in circuit. A cover is provided to 
give full protection against dust. 

The associated resistances together with other 
auxiliary resistances are indicated in fig. 14. 
These heavy duty resistances are wound on 
an asbestos wrap, over a micanite 
wrap on a light-weight steel tube. 
To facilitate maintenance and avoid 
cables being subjected to high 
temperatures, suitable terminal 
blocks are arranged at both ends 
of the tubes. The whole unit, 
as illustrated, is one used extensively 
for traction equipments and is 
particularly suitable where mechan- 
ical and electrical conditions are 
severe. The motor contactor is 
illustrated in fig. 15, and since 
air is available from the brake 
system an electro-pneumatic con- 
tactor was chosen. It will be noted 
that it is built up from two side bars, 
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Fig 14.—Heavy duty resistances. 


the upper parts of which are insulated by bakelite 
paper wraps and carry both the fixed contact and 
blow-out system and also the moving contact 
embodying a knuckling arm and arc horn. The 
lower portion of the bars is uninsulated and 
carries the air cylinder in the centre, the E.P. 
valve at the back and interlocks at the front. 
The contactor has ample capacity for any break- 
ing duty it may be called upon to perform. The 
arc chute 1s of asbestos slate and insulated from 
any current carrying parts. As a result of 








Fig. 15.—Main contactor. 
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exhaustive tests a special form of 
synthetic rubber washer is used in 
the piston. 

Fig. 16 shows the main generator 
field contactor which connects a dis- 
charge resistance across the field 
when the field circuit is broken. For 
this purpose, two contactor elements 
are mounted side by side and 
operated by one piston controlled 
by one E.P. valve ; when one is 
closed the other is opened and the 
two are never open together under 
operating conditions. Thus when 
air is admitted to the cylinder the 
discharge circuit is broken and the 
field connected to the L.T. supply. 
The unit is built from a bakelite 
back plate carried in a_ pressed 
steel frame. Standard interlocks are again 
mounted in the front. As will be seen from fig. 16 
contactor elements embodying knuckling action 
are operated by bakelite links from the piston 
crosshead. 

For auxiliary duties such as compressor and 
exhauster motor control, a small all-electric con- 





Fig. |6.—Main generatoi field contactor. 
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Fig. 17.—All-electric contactor with arc chute withdrawn. 


tactor is used (fig. 17) built up from pressings and 
a welded frame. The upper fixed contact is 
associated with a powerful blow-out and 
the lower embodies knuckling action and is 
carried on an arm which also forms the moving 
portion of the magnetic circuit. In the illustra- 
tion the arc chute is shown removed. 

The general operation of the 
master controller has previously 
been referred to; its construction 
is seen in fig. 18. A pressed steel 
reinforced top plate carries the 
handles and forms a body from 
which the bearings for the drums and 
gears are carried together with 
mechanical interlocking mechanism 
and finger bars. Detail construction 
follows the well-known practice of 
using bakelite cylinders having the 
contact segments ¢arried on them, 
but pillared away from the surface, , 
and spring fingers, as shown in fig. | 
18, carried from very rigid bakelite 
strips. All four drums, namely 


control key switch, reverser lock, reverser and 
main are all carried in line concentrically. 
The drum second from left is the main drum 
which is fixed to the main shaft and is driven 
through the gears seen at each end. The two 
end drums are operated by ball and stubs 
carried from a lever on the operating handle 
shafts and engaging in a suitable block fixed 
to the drums. The reverse drum is similarly 
operated, but both handles are inter-connected. 
Finally, it may be recorded that the regular 
reports coming from Ceylon regarding the 
service behaviour of these locomotives are of a 
very satisfactory nature indicating that they are 
fulfilling their duties easily and reliably with the 
minimum of inspection and maintenance. 


ACKNOWLEDGMENTS. 


The author acknowledges the assistance and 
co-operation of the North British Locomotive 
Co. Ltd., and Davey Paxman & Co. Ltd., in the 
preparation of this article. 

Thanks are also due to Mr. B. D. Rampala, 
Chief Mechanical Engineer of the Ceylon 
Government Railways, and to the Crown Agents 
for the Colonies for their courtesy in giving 
permission for the publication of the foregoing 
information and illustrations. 


i> &, 





”, 
a a ”~ 
—" ‘Th. . > 
a y way Suiedy a AS = ; ™ 
5 ag we es 7 RP my B “ 
Pas Vas a5 NSE Ses EE oe OEE - ie dey ¢€, «4% 
AA » eeereecverteees SSSR SES | : seer A 
-- @ ~_- - a - eS id oa oe ae < 
- she 13 jee PhP ib lei fot ots r=, * 
. . 29=—* 
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Germanium from Coal 


A BRITISH SOURCE OF GERMANIUM FOR USE IN CRYSTAL VALVES 


By R. C. CHIRNSIDE, F.R.I.C. and H. J. CLULEY, M.Sc., F.R.I.C. 
G.E.C. Research Laboratories. 





INTRODUCTION. 


ERMANIUM is_ the 
& name that was given 
to a rare chemical 
element discovered by Wink- 
ler, working in Freiburg, in 
1886. Little use had been 
found for this element or its 
compounds and its name had 
remained unfamiliar until 
quite recently when its poten- 
tial value as a ““ semi-conduc- 
tor ’’ was realised. 
A brief review of the 


coals. 


1950. 





The rare metal germanium 
occurs in flue dusts derived from 
the utilisation of certain British 
This article describes the 
work of the G.E.C. Research 
Laboratories in developing this 
source to provide high purity 
germanium for crystal valves. 

A summary of this work has 
previously been published 1n “‘ The 
Times Review of Industry” Fuly, 


SOURCES OF GERMANIUM. 


With regard to its availabil- 
ity and distribution in miner- 
als, germanium occupies a 
somewhat anomalous position. 
Thus, although it has always 
been considered a rare ele- 
ment, its abundance in the 
earth’s crust is stated to be 
seven grams per ton.and it is 
at first surprising to note 
that, on this consideration 
alone, germanium is appar- 
ently more plentiful than 








physics of semi-conductors 
and a description of their current applications 
have recently been given in this Journal! and it 
will be sufficient therefore to recall that one 
particularly important use of semi-conductors is 
as a crystal rectifier. A modern version of the 
crystal and cat’s whisker device, familiar in the 
early days of radio broadcasting, was used exten- 
sively during the second World War and thous- 
ands of crystals of silicon were made for this 
purpose. Among other materials studied, 
germanium, which is chemically related to 
silicon, was found to have properties of special 
interest, not as a replacement for silicon, but 
rather as the semi-conductor of a rectifier which 
could with advantage replace the thermionic 
valve in some special circumstances. More re- 
cently, by incorporation of a third electrode it has 
also been possible for germanium crystal valves 
to replace the termionic valve as an amplifier 
and as an oscillator. 

While germanium is still a “ rare” metal in 
the accepted sense of the term, it is now available 
in this country from indigenous sources in 
quantities adequate to supply these new electrical 
requirements. The purpose of this article is to 
describe briefly the part played by the Research 
Laboratories of The General Electric Company 
in making this possible. 


such familiar elements as 
arsenic, bismuth, boron, iodine and mercury. 
Germanium is, in fact, relatively widespread 
and occurs as a trace constituent in a number of 
ores ; on the other hand, the few minerals of 
which it is a major constituent are seldom found 
in rich localised deposits and it is this latter 
factor which has made germanium a “ rare” 
metal. 

Winkler originally discovered germanium in 
the rare mineral argyrodite, 4 Ag,S.GeS,, a 
silver germanium sulphide containing about 5 to 
7 per cent by weight of germanium. Another 
source is the South West African mineral ger- 
manite, which is a complex coper-iron-ger- 
manium sulphide containing about 6 per cent of 
germanium and small amounts of several other 
metals. Although supplies of germanium have 
been obtained from this mineral, recent reports 
suggest that the deposits of germanite are nearly 
depleted. 

Germanium also occurs as a trace constituent 
in certain zinc ores and in the United States the 
Eagle-Picher Company has made available sub- 
stantial quantities of germanium recovered as a 
by-product in the course of zinc refining. The 
amount of germanium obtainable from this 
source is necessarily related to the scale of zinc 


production, but until the electronic uses of 
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germanium were discovered the quantity pro- 
duced was adequate for all needs. 

Until fairly recently the germanium required 
by the British manufacturers of crystal diodes and 
triodes had to be obtained from the United 
States but, quite apart from the high cost of the 
material, there were good technical reasons for 
wishing to obtain some measure of control over 
the extraction and purification processes that go 
towards the preparation of the element. As a 
result of one of those chance observations that 
have so often led to scientific advances it was 
known that flue dusts, derived from the utilisa- 
tion of certain British coals, constituted a 
potentially rich source of germanium. It is the 


spectrographic analysis and, eager to employ this, 
they chose at random a flue dust from the labora- 
tory heating system as the first sample to be 
examined. To their surprise this examination 
showed the dust to contain germanium, which 
was subsequently found to be present in ash, 
flue dust and soot from domestic chimneys in 
Gottingen. Coals from different localities were 
then examined, including a “‘ museum” speci- 
men which had been in the University collection 
for about 100 years and which was labelled 
“* coal from the Main Seam, Hartley, near New- 
castle”. This particular specimen was found to 
contain more than | per cent of germanium in its 
ash and a number of other uncommon elements 





























M. exploitation of this source which has now re- was also present. Subsequent work established 
il- sulted in the electrical industry of this country that a number of coals in the Northumberland 
er- being independent of foreign sources of. ger- and Durham region contained germanium. 
Fa | manium. These observations of Goldschmidt’s led him 
on. | to carry out a comprehensive investigation on the 
ays GERMANIUM IN COAL AND FLUE DUST. concentration of rare elements in coal ; some of 
le- The knowledge that germanium occurred in the data he compiled for the “ enrichment” of 
the British coals was due to a fortuitous observation rare elements in coal are shown in Table 1. 
be by the late Professor Goldschmidt, of Gottingen. This work led Goldschmidt to postulate a 
t is In 1930, for investigations on the terrestrial distri- mechanism, connected with plant growth, by 
ote bution of rare elements, Goldschmidt and his which germanium and other elements couldfhave 
ion colleagues developed a sensitive technique of become concentrated in coals.* 
ar- 
— TABLE 1, 
as 
ai RARE ELEMENTS IN THE ASHES OF COAL (GRAMS PER TON). 
of it (Data compiled by Goldschmidt.?) 
of f§ , eee 
ind Factor of Enrichment 
Maximum Average Average in Coal Ash. 
ter fF Element in of ‘‘rich’’ in Earth’s 
2” 7s Coal Ash. Coal Ash. Crust. Maximum Average 
A B A BS 
in J C C 
» a § Boron... —... 3,000 600 3 1,000 200 
> to é Germanium ... 11,000 500 7 1,600 70 
her § Arsenic 8,000 500 5 1,600 100 
ca ae Bismuth fie 200 20 0-2 1,000 100 
’ 9 Beryllium cia 1,000 300 5 180 50 
4S > Cobalt 1,500 300 40 35 8 
tof § Nickel 8,000 700 100 80 7 
ther 2 a 10,000 200 40 250 5 
ave ff Cadmium - 50 5 0-5 100 10 
ta Lead ... san 1,000 100 16 60 6 
orts §& Silver ... ea 5-10 2 0-1 50-100 20 
arly § Gold 0:2-0°5 — 0-005 40-100 — 
; Piatinum it 0-7 _ 0-005 120 _ | 
— Lithium me 500 — 65 . a | 
% Scandium... 400 60 5 80 3-12 | 
the § Gallium 400 100 15 27 7 | 
sub- Yttrium ee 800 100 31 26 3 | 
as a Zirconium... 5,000 — 190 26 — | 
The Molybdenum ... 500 200 15 33 15 | 
Indium sos 2 — 0-1 13 — | 
this 2a 500 200 40 13 ae 
Zinc Thallium m5 5 l 0-3 17 3 | 
, of 
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Goldschmidt’s researches aroused the interest 
of the late Sir Gilbert Morgan, Director of the 
Chemical Research Laboratory, who initiated an 
investigation into the possibility of extracting 
germanium from coal. Morgan and Davies® 
found that most British coals contained german- 
ium in varying degrees, often of the order of 20 
parts per million. However, on ashing the coal 
to effect a concentration of the germanium, it was 
found that substantial proportions of the ger- 
manium could be lost by volatilisation. Faced 
with this difficulty Morgan and Davies argued 
that similar volatilisation of the germanium would 
be likely to occur on utilisation of the coal in, for 
example, gas-works and that the volatilised ger- 
manium might be expected to condense in flue 
dusts deposited in cooler parts of the gas system. 
This approach appeared promising in that 
gallium, another rare element occurring in coal, 
had been shown by Ramage* to accumulate in 
certain flue dusts. 

Morgan and Davies therefore examined a large 
number of flue dusts, principally from gas-works, 
and showed that both germanium and gallium 
were nearly always present, although the concen- 
trations found varied widely. A number of the 
dusts, however, contained as much as | per cent 
of germanium and similar amounts of gallium 
and offered a much richer source of these rare 
elements than could normally be obtained by 
direct ashing of the coal. Thus this discovery 
offered the possibility of the production of two 
rare and costly elements from a waste product and 
Morgan and Davies succeeded in evolving a small 
scale method for the extraction of germanium 
and gallium from flue dust. 

This work at the Chemical Research Labora- 
tory, largely published in 1937%, presumably 
ceased at the beginning of the war and it had not 
been resumed in 1945 when The General Elec- 
tric Company began to require germanium for 
development work on crystal valves. The 
decision was taken by the G.E.C. Research 
Laboratories to re-examine the possibilities of 
extraction of the element from these indigenous 
sources and, although the work of Morgan and 
Davies had not been brought to a stage at which 
commercial extraction could be achieved, the 
records of their exploratory searches for german- 
ium in flue dusts became an invaluable starting 

int. 

The G.E.C. Research Laboratories therefore 
undertook a fresh survey of flue dusts with the 
object of locating sources from which substantial 
quantities of germaniferous dust could be ob- 
tained. It should be remembered that a flue dust 
containing as much as | per cent of germanium 
would yield only about 20 Ibs. of germanium per 
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ton of dust and the estimated requirements for 
germanium necessitated an assured supply of 
many tons of germaniferous dust a year. 

Initially samples of dust were obtained from 
three small Northumbrian gas-works. Useful 
amounts of germanium and also gallium were 
present in a proportion of these, but the available 
annual tonnage of usable dust was small. The 
search was extended and a comprehensive exam- 
ination was made of dusts from the plants of the 
Newcastle & Gateshead Gas Co. (now North- 
ern Gas Board). Subsequently a similar survey 
was made of dusts from the works of the Gas 
Light & Coke Co. (now North Thames Gas 
Board), where sea-borne Northumberland and 
Durham coals were used. In this manner was 
built up a Knowledge of the conditions under 
which germanium was likely to accumulate in 
flue dusts and from these and other sources a 
substantial annual tonnage of germanium-bear- 
ing dust, containing usually 0-5 to 1 per cent of 
germanium, was made available. This search 
for adequate supplies of an indigenous “ raw 
material ’’, upon the success of which the whole 
project depended, was in itself a major under- 
taking, involving the analysis of hundreds of 
samples, and would not have been possible with- 
out the ready co-operation of the gas-works and 
others involved. 

Two difficulties encountered in this explora- 
tory work may be mentioned. Owing to the 
heterogeneous nature of flue dusts the small 
samples initially examined frequently proved to 
differ markedly in germanium content from the 
bulk material. The second difficulty related to 
the accurate determination of germanium con- 
tents of flue dusts, for which no readily applicable 
chemical method was available. Initial experi- 
ments on the analytical scale showed the necessity 
for fusion methods for obtaining complete de- 
composition of the material, a fact which indi- 
cated the probable difficulties of commercial 
extraction of the germanium. For the survey of 
flue dust sources the germanium contents of 
dusts were obtained by spectrographic estimations 
based on comparison with synthetic standards, 
but a rapid and precise chemical method has 
since been developed.°® 


EXTRACTION OF GERMANIUM FROM FLUE 

DUSTS. 

In parallel with the searches for germanium- 
bearing dusts experiments were carried out at 
the G.E.C. Research Laboratories on methods of 
chemical extraction of the germanium. The 
dusts usually contained large amounts of silica, 
iron and aluminium compounds, presumably 
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derived from the coal ash and carried over 
mechanically in the gas stream. In addition, 
significant amounts of zinc, lead and arsenic were 
normally present; these elements, together 
with germanium and gallium, were presumably 
deposited in the dusts by condensation of vola- 
tilised compounds. Dusts frequently contained 
as many as twenty elements as major and minor 
constituents and the chemical extraction of ger- 
manium from such a complex material was 
clearly not likely to be an easy task. The analysis 
of a typical dust is given in Table 2, though it 
should be pointed out that the composition of the 
dusts examined varied widely. In addition to 
these variations in the proportion of mineral 
constituents, some dusts contained as much as 
50 per cent of carbon. 


TABLE 2. 
COMPOSITION OF A TYPICAL FLUE DUST. 
(Analysed by Johnson Matthey & Co.) 


Per cent 

Silica (SiO, ) 27°9 

Alumina (A1,0,) 12-9 

Iron oxide (Fe,O,) 21-8 

Zinc oxide (ZnO) 2:29 
Calcium oxide (CaO) 3-80 
Magnesium oxide (MgO) 1-09 
Alkalies (Na,O+ K,O) 5-41 
Water (H,O) 5-60 
Lead oxide (PbO) 0-81 
Copper oxide (CuO) 0-08 
Arsenious oxide (As,O,) 1-1] 
Molybdic oxide (MoO, ) 0-09 
Nickel and cobalt oxides (NiO+CoO) 0-18 
Phosphorus pentoxide (P,O,) 0-45 
Titanium oxide (TiO,) 0-72 
Vanadium pentoxide (V,O,) 0-04 
Sulphur trioxide (SO, ) 14-5 

Sulphide sulphur (S) nil 

Chlorine (Cl) ’ 0-13 
Carbon (C) « trace 
Gallium oxide (Ga,O, ) 0-73 
Germanium dioxide (GeO, ) 0-80 


Initial experiments on extraction were carried 
out on the lines suggested by Morgan and Davies, 
namely treatment of the dust with strong hydro- 
chloric acid followed by distillation to yield a 
solution of the volatile germanium tetrachloride, 
which boils at about 84 degs. C. It was soon 
apparent that this procedure was applicable with 
success to few dusts ; in most cases only a small 
proportion of the germanium present could be 
recovered by this method. Attempts to extract 
the germanium by other methods, such as heating 
in a current of chlorine, were only partially 
successful and in no case was both complete and 


selective extraction of the germanium achieved. 

Two pre-requisites of a successful extraction 
method had now become apparent. First, the 
method would have to be applicable to all ger- 
manium-bearing dusts; second, in view of 
the demand for germanium and the necessity 
for treating dust containing only 0-5 per cent 
of germanium, it would need to be operative 
on a scale of tons rather than pounds. When 
further work on chemical extraction indicated 
the necessity for complete decomposition of 
the dust by fusion methods, it was concluded 
that purely chemical methods of extraction 
offered less hope of success than those based on a 
more metallurgical approach. 

At this stage in the investigation it was decided 
to invite the co-operation of the research labora- 
tory of Johnson Matthey & Co., and they un- 
dertook to explore the possibility of an extraction 
based on metallurgical techniques. After an 
extensive investigation they succeeded in work- 
ing out a smelting technique to yield a concen- 
trate from which the germanium could readily 
be extracted. This has recently been described 
elsewhere® in considerable detail and it will 
suffice therefore to give an outline of the pro- 
cesses they employed. 

The smelting process is based on the fact that 
metallic iron will function as a “ collector ” for 
germanium and that when a dust is smelted with 
reducing agents the iron oxides present are re- 
duced to the metal and form a molten alloy con- 
taining those other constituents, such as german- 
ium and arsenic, which are also reduced to the 
metal under the conditions used. Gallium does 
not readily concentrate in the alloy and to recover 
this element the addition of copper as a “ collec- 
tor” is necessary. The smelting operation is 
carried out in a small reverbatory furnace which 
will take a 1 ton charge of dust. The product of 
the smelting is an iron-copper alloy containing 
usually about 4 per cent of germanium and about 
2 per cent of gallium and represents almost 
complete recovery of these two rare metals from 
the flue dust. 

This alloy is then dissolved by means of a 
chlorine treatment and the resulting solution is 
distilled to recover the germanium, the conditions 
of distillation being controlled so that the distl- 
late separates into two liquid phases. One phase 
consists of a hydrochloric acid solution contain- 
ing only a trace of germanium and this is dis- 
carded ; the other phase is crude liquid german- 
ium tetrachloride and represents the primary 
product of the extraction process. The gallium 
can also be recovered by suitable treatment of 


the solution remaining in the stills after the 
distillation. 
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PREPARATION OF HIGH-PURITY 
GERMANIUM SUPPLIES. 


At this stage in the investigation, therefore, 
considerable advances had been made, in that 
the exploration of flue dust sources had enabled 
a steady supply of germaniferous dusts to be 
secured and a process for the production of a 
crude germanium product had been made avail- 
able. There still remained a major problem in 
the purification of the crude germanium tetra- 
chloride to yield a material of the exceptionally 
high purity required for crystal valve applica- 
tions. 

The work on purification was, from the begin- 
ning, beset with a number of difficulties, not the 
least of which was the lack of a precise chemical 
specification for the purity of the desired pro- 
duct. However, from electrical experiments at 
the G.E.C. Research Laboratories, and from 
physical theory, it was known that small amounts 
of certain types of impurity were deleterious to 
the electrical properties of metallic germanium. 
These impurities were elements of Group III 
of the Periodic Table, such as aluminium and 
gallium, and elements of Group V, such as 
arsenic and antimony. It was also known from 
physical theory that a very minute impurity of 
the arsenic type was necessary for the germanium 
to function as a rectifier. For the early work on 
purification the maximum permissible amount 
of these various impurities was provisionally 
assessed at about 0-5 parts per million. 

The preparation of material of such exception- 
ally high purity was clearly a formidable problem. 
With respect to arsenic alone, for example, the 
initial target of 0-5 parts per million represented 
a much lower limit than that accepted as permis- 
sible in many foodstuffs. Early in the work on 
purification some material was produced which 
by normal methods of spectrographic examina- 
tion appeared to be free from impurities, but this 
particular material was still not sufficiently pure 
for crystal valve purposes. This indicated the 
analytical difficulties to be faced and indeed, 
owing to the lack at that time of methods of 
analysis of adequate sensitivity, it was necessary 
throughout the purification experiments to use 
electrical measurements, made at the Research 
Laboratories, as the ultimate check on chemical 
purity. 

The crude germanium tetrachloride resulting 
from the Johnson Matthey extraction process 
contained up to 20 to 25 per cent of arsenic 
trichloride as the main impurity and the first 
stage of the purification process therefore in- 
volved the removal of the major portion of the 
arsenic present. Owing to the chemical simi- 
larity between arsenic and germanium it was 
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thought that separations based on differences in 
physical rather than chemical properties offered 
more hope of success. The difference in boiling 
points, 84 degs. C. for germanium tetrachloride 
and 130 degs. C. for arsenic trichloride, indicated 
that separation of these two components by 
ordinary distillation methods might be possible. 
It was found, however, that, owing to the high 
vapour pressure of arsenic trichloride at the boil- 
ing point of germanium tetrachloride, part of the 
arsenic passed over into the distillate and thus 
only partial separation was achieved. It was clear 
that a major separation of the arsenic and ger- 
manium could be obtained by distillation only by 
using highly efficient fractionating techniques. 

Accordingly the Research Laboratories set up 
special adiabatic fractionating stills (illustrated 
in fig. 1) in which a high degree of purification 
was theoretically possible. These stills, construc- 
ted from all-glass components to minimise con- 
tamination of the corrosive germanium tetra- 
chloride, were capable of handling 2-litre 
batches of the crude chloride. The fractionating 
column for each still was 4 ft. long and of | in. 
diameter, packed with glass helices and having, 
in distillation terminology, a fractionating eff- 
ciency of about 40 theoretical plates. 

At this point it is perhaps of interest to men- 
tion the principles upon which fractional distilla- 
tion is based. Vapour from the boiling mixture 
of components passes up the fractionating 
column, is condensed and returns down the 
column as liquid. Thus a counter-current prin- 
ciple is involved in which the rising vapour in the 
column is continuously “scrubbed” by the 
returning condensed liquid and this promotes 
condensation of the less volatile components in 
the vapour. When equilibrium is reached a 
concentration gradient exists in the column and 
in the ideal case the material at the top of the 
column consists solely of the most volatile 
constituent. When distillation is started only a 
small fraction of the liquid or vapour at the top 
of the column is withdrawn so as to minimise 
interference with the equilibrium in the column. 

An intensive programme of work on the frac- 
tional distillation of crude germanium tetra- 
chloride was carried out at the Research Labora- 
tories and it was shown that under the appro- 
priate conditions a high degree of puriiication 
could be obtained. For example, it was readily 
possible to treat material containing 25 per cent 
of arsenic to yield, in a single step, a product with 
an arsenic content of 5 parts per million. Using 
very slow rates of distillation some striking 
results could be obtained ; thus, in one particular 
experiment, residues from earlier distillations 
containing 89 per cent of arsenic trichloride were 
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carefully fractionated to yield a product of 
irsenic content only 8 parts per million, corre- 
sponding to a reduction of the original arsenic 
content by a factor of 100,000. The value of 
ractional distillation for treatment of crude 
zermanium tetrachloride was therefore estab- 
ished; at a later date Johnson Matthey & Co. 
nstalled a batch of stills of the type used by the 
a.E.C, Research Laboratories for the experimen- 
cal work and thus a further stage in the com- 
mercial production of high-purity germanium 
was reached. 

The normal product of fractional distillation 
of crude germanium tetrachloride contained 
arsenic to the extent of a few parts per million 
as its only detectable impurity. But pure as this 
material was by normal standards it was still 
not acceptable for use in semi-conductor pre- 
paration. Re-purification of the distilled product 





g. |.—Apparatus used in the Research Laboratories 
for the distillation of germanium tetrachloride. 


by further fractional distillation was attempted, 
but it was found that once the arsenic content 
had been reduced to a few parts per million, 
subsequent fractionations gave very little im- 
provement in the purity of the material. It was 
clear that an additional process was required to 
supplement the purification achieved by a single 
fractional distillation. 

For the removal of the last traces of arsenic 
from the distilled product, treatment with metallic 
copper was employed. This method of removal 
of arsenic has long been known to chemists in the 
form of the Reinsch test for arsenic, in which 
arsenic in solution deposits on metallic copper as 
a grey film. Profiting by the experience with 
fractional distillation, the method of copper treat- 
ment was rendered more efficient by using 
apparatus similar to the fractionating stills 
except that the column was now packed with 
pure copper turnings ; in operation, the vapour 
and liquid passed over the copper in the column 
for an extended period of “ refluxing ” before 
distillation was begun. 

It was quickly established that by this process 
the arsenic content of fractionated germanium 
tetrachloride could readily be reduced to 1 to 2 
parts per million. Such a product was still of 
inadequate purity, but a number of further 
experiments with the process failed to effect 
much improvement in the purity of the product. 
In an attempt to shed further light on the 
mechanism of the copper treatment, a series of 
experiments was carried out with arsenic added 
in the form of Harwell-produced radioactive 
isotope, As”*, using measurements of radio- 
activity to follow the course of the purification. 
These experiments led indirectly to the formu- 
lation of conditions much more favourable to the 
removal of arsenic than had previously been 
employed. In this manner it was found possible 
to apply the copper treatment so as to reduce the 
arsenic content of germanium tetrachloride below 
the level of chemical detection (at that time | 
part per million) and such a product was at last 
found to yield material suitable for crystal valve 
applications. By more sensitive methods of 
chemical analysis subsequently available and 
also by radio-activation analysis, carried out at 
Harwell, it was later shown that this method of 
copper treatment could produce material con- 
taining arsenic to the extent of 0-05 parts per 
million or less. 

The work on the copper process was the last 
Stage in the research project, and its completion 
early in 1950 enabled Johnson Matthey & Co. to 
undertake on a commercial scale the complete 
process of producing high-purity germanium 
supplies from flue dusts. It should, however, be 
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made clear that although the copper treatment 
described is the last stage of the purification and 
yields germanium tetrachloride of exceptionally 
high purity, two further chemical steps are 
necessary to produce the metallic germanium 
used in crystal valves. These steps are, first, 
reaction of the germanium tetrachloride with 
water to form germanium dioxide and, second, 
reduction of this oxide with hydrogen to form 
germanium metal. This last step of reduction to 
the metal may be carried out by the supplier, but 
it is customary for the electrical manufacturer to 
receive germanium dioxide as his “* raw material” 
and to carry out the reduction himself. It should 
be emphasised that no purification difficulties are 
attached to these two final steps in the sense that 
adequate purification is achieved at the tetra- 
chloride stage, but for this very reason extreme 
care is required with regard to the purity of the 
water and hydrogen, used for the conversion to 
oxide and metal respectively, lest contamination 
of the product results. The three end-products 
of the whole process, germanium tetrachloride, 
germanium dioxide and germanium metal are 
shown in fig. 2, together with the “‘ raw mate- 
rial’’, flue dust. The amounts of each of these 





Fig. 2.—A comparison (left to right) of flue dust, 

germanium tetrachloride liquid, dioxide powder and 

the pure metal respectively, at various stages of the 
extraction process. 
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materials shown were chosen so that the contents 
of each bottle represents the same weight of 
germanium. 

Since 1950 the commercial production from 
flue dust of high-purity germanium supplies has 
been wholly carried out by Johnson Matthey & 
Co., and the material produced has been of a 
quality appropriate to crystal valve applications. 
The development of British sources of germa- 
nium, clearly to be welcomed for technical 
and economic reasons, may well have results 
extending beyond the electronic applications 
which inspired the search for domestic supplies. 
The metallurgical and other possible applications 
of germanium and its compounds have hitherto 
received little attention owing to the scarcity of 
the element, but now that the difficulty of 
scarcity has been overcome it may well be that 
other applications will be found. 

Thus beginning with Goldschmidt’s observa- 
tions during the examination of a museum speci- 
men, a metal so rare as to be almost a chemical 
curiosity has been made available on the hundred- 
weight scale from a waste product. Potentially 
large amounts of indigenous germanium are 
available ; Sir Gilbert Morgan had calculated 
that if only 100 million tons of the coal produced 
annually in Great Britain contained germanium, 
then some 2,000 tons of the metal were being 
either dissipated into the atmosphere or discarded 
as useless dust every year. Our coal measures 
then, always so valuable in themselves, have now 
added somewhat unexpectedly to our natural 
wealth and have made a significant contribution 
to our technological needs and developments. 
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Fig. |.—Two blast furnaces with ore transporter bridge and stock yard, gas cleaning 
equipment and blower building. 


Equipment at a South African Steel Works 


AN INSTALLATION AT THE ISCOR WORKS, VANDERBIJL PARK, OF THE 
SOUTH AFRICAN IRON AND STEEL INDUSTRIAL CORPORATION, LIMITED 


By C. W. MYRING, Chief Electrical Engineer, 
The British General Electric Co. Ltd., Johannesburg. 


al 


INTRODUCTION, 

C™% OUTH AFRICA has large reserves of high- 
grade iron-ore and vast reserves of medium 
grade, mostly in the Transvaal. The principal 

deposits are in the Pretoria and Rustenburg 

Districts of the Transvaal, at Prestwick near 

Dundee, Natal, and at Postmasburg, Griqualand 

West. Iron was worked extensively in South 

Africa before the arrival of Europeans, and 

remains of old workings and furnaces are to be 

found in many parts of the Union. The pres- 
ence of iron-ore at Prestwick, Natal, was known 
to Europeans about 1860, and in 1870 President 

Burgers of the Transvaal took samples to 

Europe from the Pretoria deposits, but did not 

succeed in arousing interest. The first successful 

smelting works, using scrap, was erected in 


Vereeniging, in 1912, followed by the Dunswart 
Iron and Steel Works near Benoni. 

The South African Iron and Steel Industrial 
Corporation Ltd. (ISCOR) was constituted by 
the Union Parliament on June 5th, 1928, and 
the late Dr. H. J. van der Bijl was appointed its 
first Chairman. The Pretoria Works began 
production in 1934, and the output is now 
650,000 ingot tons of steel per annum. The 
demand for steel in the Union continued to grow 
and the need to increase production above 
the capacity of the Pretoria Works resulted in 
further investigation by the late Dr. H. J. van 
der Bij. 

The site of the new Works at Vanderbijl Park, 
named after the man who played such an impor- 
tant part in the steel industry in South Africa, 
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Fig. 2.—18-unit, 11 kV, 500 MVA metaiclad switchboard in the Blower House 


Substation. 


was acquired in 1941. It covers an area of 38 sq. 
miles and includes the town of Vanderbijl Park, 
having a present-day population of 11,000 
Europeans. The location of this great enterprise 
has been well chosen in the centre of the indus- 
trial area of the Witwatersrand where water and 
bulk electric power are available. Its immediate 
ingot capacity is 350,000 tons per annum but the 
scheme has been laid out for an ultimate capacity 
of 1,000,000 tons per annum. A plate mill began 
production in December, 1944, and since that date 
the enormous construction 
programme, embracing coke 
ovens and blast furnace 
plant, steel melting shop, 
slabbing mill, hot strip mill, 
cold strip mill and work- 
shops, has proceeded as fast 
as availability of new plant 
and labour would permit. 
The first blast furnace, hav- 
ing an output of approxim- 
ately 850 tons of iron a day, 
was commissioned in Sep- 
tember, 1950, together with 
the coke oven plant. The 
immediate scheme provides 
for two such blast furnaces 
but the complete scheme 
embraces four. 


Fig. 3.—Remote control board 
for operating the metaiclad 
switchgear. 


April, 1952 


In an undertaking of 
this magnitude it is natural 
that the orders for machin- 
ery and equipment should 
be divided among a number 
of the world’s leading manu- 
facturers of steelworks 
plant, the time required 
for manufacture being a 
vital factor in the placing 
of orders. The contract for 
the supply and erection of 
the 11 kV substation switch- 
gear was awarded to The 
General Electric Co. Ltd. the 
equipment being designed 
and built at the Witton 
Works. The motor-driven 
blower sets for supplying air 
to the blast furnaces were 
manufactured and erected 
by Fraser and Chalmers 
Engineering Works. 


SUBSTATION SWITCHGEAR. 


The switchgear contract comprised a total of 
87 units and included 66—11 kV duplicate bus- 
bar units each having a breaking capacity of 
500 MVA, 18 similar single busbar units and 
3 units of 150 MVA breaking capacity. Current 
ratings for the oil circuit breakers are 400, 800 
and 1,600 amps. Two neutral-earthing equip- 
ments comprising circuit breakers, resistances 
and transformers were also supplied. The total 
of 87 units is divided into eight switchboards, one 
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of fr each substation, including the main substation works is estimated at 45,000 kW with peaks of 
-al t» control the power supply to the various sec- 65,000 kW. From ISCOR’S 11 kV main sub- 
n- tons of the steel works, namely, Coke Ovens, station, adjacent to the Commission’s outdoor 
ld blower House, Steel Melting Shop, Slabbing substation, a duplicate ring main feeds all the 
er Mill, Hot Strip Mill, Cold Strip Mill and Work- principal 11 kV substations for the Works itself. 
u- snops. The 18-unit, 11KV metalclad board in The 500 MVA switchgear is of standard 
Ks tae Blower House Substation is seen in fig. 2. G.E.C. construction, comprising low oil content, 
ed A three-phase, 50 cycle supply is taken from compound filled, heavy duty metalclad, KDS. 
a tae Electricity Supply Commission (Rand under- 6/2 units, with off-load transfer busbar selection 
ng taking) at 11 kV. Duplicate overhead lines at for the duplicate busbar units. All 500 MVA oil 
or £0 kV feed into the Commission’s 80/11 kV circuit breakers are electrically operated and 
of cutdoor stepdown transformer substation at arranged for remotely controlled D.C. solenoid 
h- Vanderbijl Park to provide the 11 kV supply to closing (fig. 3). Instruments, meters, relays and 
he ISCOR. The maximum demand of the steel oil circuit breaker controllers are mounted on 
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Fic. 4.—General arrangement of 
turbo-blowers. t 
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Fig. 5.—(a) Two 7,000 h.p. motor-driven turbo-blowers at the Vanderbijl Park Works of 


JOURNAL 


April, 1952 


as 4 
. Se 


the South African Iron and Steel Industrial Corporation, Ltd. 


separate control panels, located in the most suit- 
able position from an operational viewpoint. 


BLAST FURNACE BLOWERS. 


The air supply to the blast furnaces is provided 
by three electrically-driven turbo type blowers. 

The blowers are single flow, of standard 
Fraser & Chalmers design and construction, with 
radial type impellers. Each machine delivers a 
maximum of 68,400 c.f.m. of free air, the outlet 
pressure being 20 lbs. /sq. in. 
gauge, or 52,000 c.f.m. of 
free air at 26 lbs./sq. in. 
gauge based on atmospheric 
conditions of 25-25 ins. Hg 
and 75 degs. F., the duty 
being carried out in four 
stages. Each blower is direct 
coupled to, and driven 
through, a claw type coupling 
by a 7,000 h.p. synchronous 
motor running at 3,000 r.p.m. 

From the plant arrange- 
ment drawing, fig. 4, and 
the photographs showing 
two machines on site, figs. 
5(a) and 5(b), it will be 
seen that there is an addi- 


Fig. 5—(b) The Turbo-blower 

sets seen from the electrical end, 

and showing one of the control 
boards. 


tional motor situated between the main driving 
motor and the exciter. This “pony” motor 
is rated at 1,700 h.p., and its purpose is to 
run the set up to synchronous speed from rest 
before the main motor is switched on to the 
11 kV supply, thereby keeping initial surges 
on the electrical system to a minimum. 

Fig. 6 portrays a section through the blower. 
The casing consists of a series of semi-circular 
cast-iron segments bolted together along horizon- 
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t.l and vertical joint faces to which the inlet 
casing and the discharge volute are bolted. 

The air passage vanes are cast integral with 
tie outer casing. Leakage of air between stages 
and to atmosphere by way of the rotor running 
clearances is prevented by the use of Vernier 
type packings so designed that their effectiveness 
is unimpaired by relative axial movement be- 
tween stationary and moving parts. ” 

The rotors are carried in white metal lined, 
pressure lubricated bearings which are equipped 
with brass oil catchers to prevent oil escaping 
from the system by creepage along the rotor 
from the journals. A Michell type thrust bear- 
ing is fitted to the blower rotor to absorb axial 
thrusts and to locate the rotor in the casing. 

The oil system for each set comprises a 400- 
gallon storage tank, from which oil is drawn by 
means of a gear type pump driven from the 
blower shaft, and delivered at a pressure of 
approximately 60 Ibs./sq. in. gauge to a distri- 
bution box, from which, by means of spring- 
loaded valves, a lubricating oil supply of approxi- 
mately 15 lbs./sq. in. gauge and a governing or 
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“relay” oil supply of 45 lbs./sq. in. gauge, are 
derived. ‘The lubricating oil then passes through 
a tubular type cooler to each bearing. The relay 
oil passes directly to the governing system, 
described in detail later. 

Under emergency conditions, and when start- 
ing up or shutting down, oil supply is provided 
by an electrically-driven “Imo” pump, con- 
trolled by an oil-pressure-operated switch in the 
driving motor circuit, which cuts in or out as 
the pressure developed by the main oil pump falls 
below, or rises above, a predetermined value. 
A hand-operated semi-rotary pump to supply 
the bearings only is provided for use should a 
complete power failure occur while the machine 
is running. 

A comprehensive range of instruments 
mounted on a cabin type panel is provided for 
each machine. 

A static type air filter, with renewable sections 
for cleaning and maintenance purposes, is fitted 
to the blower intake. 

The discharge from each blower is led through 
a right-angled bend and a sluice valve to the 
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Fig. 6.—Section through a turbo-blower. 
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blast air mains which are so arranged that any 
one blower can be coupled to any furnace. 

The right-angled bend also acts as a locating 
point from which the blower expansion takes 
place, so that no thrusts are imposed on the 
external pipe system by such expansion. 

A special feature is the fitting of deflector 
vanes across the elbow to preserve a smooth air 
flow, and these can be seen in the section of the 
bend in fig. 7. Its position on the plant is shown 
in fig. 4, and it is also visible in fig. 5(a). 

The air governing system comprises two 
regulators of the Askania type, and is shown 
diagrammatically in fig. 8. The first regulator 
prevents surging of the machine when only small 
amounts of air are required to be delivered, by 
opening a relief valve F on the discharge main, 
and passing sufficient air to atmosphere to ensure 
that the delivery quantity is maintained above the 
surging level. The second regulator controls 
the air flow through the blower by operating the 
suction throttle butterfly valve B to maintain 
a constant air delivery volume against variations 
in pressure caused by the blast furnace opera- 
tions. Both regulators are actuated by the 
depression created by a coned intake on the 
blower suction main, shown on the dia- 
gram. The anti-surging regulator D over- 
rides the constant volume regulator EF when 
surging conditions are approached, and 
will, therefore, be described first. 

The elements of the differential pressure 
produced at the coned intake by the air 
flow are applied across the flexible dia- 
phragm in regulator D so that variations in 
the differential pressure, which is propor- 
tional to the square of the air volume 
flowing, produce corresponding variations 
in the force in the push rod coupled to the 
centre of the diaphragm. This force 1s 
counter-balanced by movement of the 
bellows on the left of the regulator to which 
the pressure in the air discharge main is 
applied. 

These two opposing forces are combined 
so that, as the pressure in the air discharge 
main rises, and the flow volume falls, i.e. 
surging conditions are approached, the 
pivoted jet pipe, through which a stream 
of pressure oil is flowing, is moved to the 
left. The oil stream is thereby directed 
in increasing quantity up the left-hand 
orifice in the moving core of the auxiliary 
valve J constraining the oil pressure to act 
on the right-hand end of the core which 
accordingly moves to the left. 

Valve J controls the flow of a separate 
supply of relay oil and directs it, through 
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the cut-off valve K, to the power cylinder on the 
relief valve F, which is opened to pass sufficient 
air to atmosphere to prevent surging. 

The function of valve J is to pass a larger 
volume of oil and obtain a quicker action of the 
relief valve than would otherwise be possible 
were all the oil to pass through the jet pipe 
orifice. 

The purpose of the cut-off valves K on the 
lines from regulators D and E is to lock the 
system hydraulically should the relay oil supply 
fail. The cores of these valves are held in the 
open position against springs by the relay oil 
pressure and, upon failure of the latter, the valves 
close immediately. 

The cut-off valve on the lines from the con- 
stant volume regulator EF is further arranged so 
that whenever the anti-surging regulator is in 
effective operation this valve is shut, thus pre- 
venting interaction of the regulators. Provision 
is made for hand-operated control of the relief 
valve by valve C during starting-up periods. 

As the demand for air increases, the pressure 
in the discharge main will fall, while the suction 
depression at the coned intake will rise, resulting 
in the hollow impulse pipe of the anti-surging 
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Fig. 7.—Section of air discharge elbow showing deflector vanes. 
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regulator being moved towards the right, the 
sore of the auxiliary valve also following this 
novement. The relay oil supply is thereby 
jirected to the opposite side of the relief valve 
yower piston, and the pressure now holds the 
valve in the closed position. 

The oil holding the cut-off valve on the con- 
stant volume regulator in the closed position is 
jrained, and this valve now opens, enabling this 
regulator to become effective. The constant 
volume regulator is actuated in a similar manner 
to the anti-surging unit except that the restrain- 
ing force to the diaphragm movements is pro- 
vided by an adjustable spring which determines 
the air volume to which the unit will regulate. 

The pivoted impulse pipe is linked to the 
diaphragm and spring, and according to the 
movements of the former, the pressure oil is led 
to one side or other of the Askania power piston 
forming part of the main air control gear A. 
Chis piston actuates, through compensating 
linkage, a pilot valve which admits or drains 
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pressure oil from the butterfly valve power 
piston, thereby opening or closing the valve to 
maintain constant the volume of air delivered 
by the machine. 

Fig. 9 shows the front of the blower and the 
general layout of the governing gear. 


ELECTRICAL PLANT FOR BLOWERS. 


The main supply to the blower motors is at 
11 KV, 50 cycles, and auxiliary supplies are 
available as follows : 

(a) 3-3 KV, 50 cycles for the starting motors. 

(6) 380 volts, 50 cycles, for the motors operat- 

ing the electrodes of the liquid starter. 

(c) 220 volts D.C. for oil circuit breaker 

closing solenoids, auxiliary oil pump 
motors and other control circuits. 

(d) 30 volts D.C. for tripping circuits. 

(e) 220 volts A.C. and D.C. for indicating 

lamps. 

As already indicated the main motors driving 
the turbo-blowers are of the standard synchron- 
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Fig. 8.—Air governing gear with Askania 
regulators. 
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ous type, designed for a maximum continuous 
rating of 7,000 h.p. at 3,000 r.p.m. when operat- 
ing on an 1] kV supply at 0-9 p.f. leading. They 
are provided with a closed air circuit system of 
cooling and have direct coupled starting motors 
and exciters. While the sets are on load the 
excitation current is controlled by an auto- 
matic reactive kVA regulator set to maintain a 
constant leading kVA of 2,150 from full load 
to no load. 

The starting motors for the main 7,000 h.p. 
synchronous motors are 1,700 h.p. slipring 
induction machines of the totally enclosed type. 





Fig. 9.—Front view of blower showing governor gear. 


STARTING SEQUENCE. 

The first step in the starting sequence is to 
start the auxiliary oil pump by operating a latch- 
ing type control switch. During the starting of 
the plant the auxiliary oil pump is run until the 
reactor oil circuit breaker closes, by which time 
the mechanical oil pump on the set has had 
ample time to attain sufficient speed to take over. 
Thereafter the auxiliary oil pump is under the 
control of a pressure relay, and the auxiliary oil 
pump only runs if there is a fall in the oil pressure 
supplied by the mechanical pump. 

The next step is to close the 3-3 kV oil circuit 
breaker which controls the starting motor; from 
this point the starting and synchronising are 
carried out automatically. 


April, 1952 


To give the most favourable conditions for 
synchronising, the automatic kVA regulator is 
cut out of service and a suitable resistance is 
inserted in the exciter field. At the same time 
the motor-driven electrodes of the liquid starter 
are lowered to reduce the resistance in the rotor 
circuit. The machine starts and runs up to the 
full speed of the starting motor, which is from 
l per cent to 2 per cent below synchronous speed. 
If the exciter has built up its voltage, the 11 kV 
circuit breaker now closes connecting the main 
motor stator to the supply through the starting 
reactor. Shortly after connecting the 11 kV 
supply to the stator, the reactor is 
short-circuited and at the same time 
the motor field is energised. As the 
field strength builds up the motor 
quickly pulls into synchronism. After 
the machine has been in step for a few 
seconds a time delay synchronising 
relay closes and, provided the main 
synchronous motor field relay has 
previously closed, initiates the trip- 
ping of the 3-3 kV supply to the 
Starting motor and the switching in 
of the reactive kVA regulator. The 
machine is now ready for load, which 
is applied by opening the butterfly 
valve in the air intake. 


PROTECTION. 


To guard against operating mis- 
takes and also irregular operations 
due to faults on the control circuits 
a complete system of interlocks is 
introduced into the control circuits. 
The supply to this system from the 
Power Company is controlled by oil 
circuit breakers fitted with auto- 
reclosing features, which reclose the 
feeder five seconds after the main 
circuit breaker trips on a line fault. Due to the 
inertia of heavy synchronous plant the usual no- 
volt protection will not always open the machine 
circuit breakers before the power is restored. 
It is therefore essential that some means be pro- 
vided to ensure the tripping of synchronous 
machines within five seconds of a power failure. 
The method adopted in this case is to provide 
a reverse power relay, with a low setting, and also 
a low power relay with contact set to close if the 
power input is slightly less than that required 
for the light running of the plant. A power 
failure will cause either one or both of these 
relays to close circuit and to energise a time delay 
relay which in turn operates in two seconds 
to open the 11 kV circuit breaker feeding the 
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Fig.10.—IIlumination of the Main Boulevard of Vanderbijl Park. 


synchronous motor. The time delay is neces- 
sary to prevent unwanted trips due to short 
duration line disturbances, which do not cause 
actual power failures. Other protective features 
are supplied to cover possible internal failures 
in the blower plant. 


VANDERBIJL PARK. 


This article would not be complete without 
reference to the amazing development of the 
town of Vanderbijl Park, the European popula- 
tion of which is now almost equal to that of the 
nearby town of Vereeniging which was founded 
in 1892. Vanderbijl Park 
is well laid out, has wide 
tarmacadam streets and ade- 
quate room for expansion. 

The illumination of the 
main Boulevardg which 
consists of dual carriage- 
ways, is by means of 400 
watt high-pressure mercury 
vapour lamps accommo- 
dated in G.E.C. “ Blown 
Glass” cut-off lanterns, 
mounted centrally, and 
spaced at intervals of ap- 
proximately 100 ft. (fig. 10). 
Special treatment was em- 
ployed for the illumination 
of the intersections and 
-ircles. The installation has 
proved both economic, and 
‘xcellent from the point of 

lew of visibility. 


The side street lighting is 
by means of small Wembley 
lanterns accommodating 200 
watt general service lamps 
and the layout conforms 
to general British stan- 
dards. Approximately 344 
“* Blown Glass ” cut-off lan- 
terns and 1,004 small Wem- 
bley lanterns are installed 
to date. 

Included in the amenities 
of the town is a very fine 
open-air swimming bath, lit 
by 5 ft. 80 watt fluorescent 
lamps accommodated in 
specially designed lanterns, 
6 per lantern, with the 
addition of one 300 watt 
lamp for “ back ” illumina- 
tion (fig. 11). 

This is probably one of the best illuminated 
Open-air swimming baths in the world. The low 
intrinsic brilliance of the fluorescent lamps avoids 
reflected glare from the surface of the water ; the 
overall result and appearance of these lanterns 
mounted on concrete standards is very pleasing. 
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Fig. |!.—The open-air swimming bath lit by fluorescent lamps. 
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The Accelerated Drying of Wood Finishes 
by Radiant Heat 


By L. J. C. CONNELL, B.Sc., A.Inst.P. and E. L. WILLIAMS.* 
G.E.C. Research Laboratories. 





GENERAL. 

EARLY all the wooden 
furniture and _ radio 
cabinets made to-day 

are finished with cellulose 
lacquers which are allowed to 
air dry at normal shop tem- 
perature. Finishing sche- 
dules, though similar in broad 
outline, vary considerably in 
detail both in the number 
and sequence of the opera- 


furniture, 


described. 





By using radiant heat drying, 
the finishing process for wooden 
radio cabinets and 
similar articles can be speeded up 
very considerably. Details are 
given of the accelerated drying 
technique which has been de- 
veloped, and some commercial 
installations using the process are 


processes are similar and the 
total drying times are about 
the same for both. 

Until recently, little has 
been done to provide accele- 
rated drying of these finishes. 
Convection ovens have been 
tried but if high air tempera- 
tures are used, blistering of 
the finish and distortion of 
the timber are liable to occur. 





tions and in the drying 
times allowed. Typically, for radio cabinets, 
the process begins with the rubbing in of an oil- 
based stain filler. The filled surface is allowed 
to air dry overnight and is then sprayed with a 
coat of cellulose-based sanding sealer. After 
half an hour, this dries sufficiently to be papered 
down, and after papering any pale areas on the 
surface are toned down by spraying with a 
matching stain. This dries quickly and is 
followed almost at once by the first lacquer 
coat which is dried for two hours. A second 
similar coat is then sprayed and is also dried for 
two hours. When dry, it is flatted lightly using 
fine abrasive paper and is “pulled over”. In 
this operation, a pad moistened with a material 
having a slight softening action on the film is 
rubbed lightly over the surface in such a way 
that any irregularities are smoothed out. A 
further drying time of six hours is allowed before 
the cabinet is burnished and packed. 
Sometimes, a finishing lacquer suitable for 
hot spraying is used. Hot lacquers have a 
higher solids content than cold lacquers and 
sufficient build can often be obtained by using 
one coat in place of the two coats of the cold 
lacquer process just described. Otherwise, the 


*Mr. Willams is now with Saro Laminated Wood Products Ltd. 





Consequently the air tem- 
perature in such ovens is 
restricted to a figure little above normal shop 
temperature and the drying times are not very 
greatly reduced. 


RADIANT HEAT DRYING OF CELLULOSE 

FINISHES. 

During the last few years, the possibility of 
applying radiant heat drying to wood finishes has 
been investigated and techniques have been 
developed which enable drying times at the 
various stages to be reduced so much that the 
whole process from white wood to packing the 
finished article can be completed in three hours. 
It is usually unnecessary to make any change in 
the nature or sequence of the finishing opera- 
tions. Radiant heat drying may be employed 
at all stages or at some stages only, but at any 
stage where it is not used, adequate air drying 
is essential. There is less need to use it for the 
filler than for the lacquer coats since filled 
articles are not so susceptible to damage or so 
troublesome to store as those freshly lacquered. 
It is mecessary to allow a “ flash-off”’ period 
(during which some solvent evaporation occurs) 
after a coating operation and before radiant heat 
drying begins. The minimum permissible 
flash-off time depends on the nature of the 
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oating material, the air temperature and move- 
nent and the concentration of solvent in the air. 
[ypically, it is satisfactory to allow 5 minutes 
ifter filling, 10 minutes after the sanding sealer, 
5 minutes after the lacquer coats and 10 minutes 
ifter pulling over. For most materials, adequate 
irying is then obtained by heating for 6 minutes 
n a suitable lamp type of radiant heating plant. 
\ cooling period of 10-15 minutes is allowed 
efore the next operation. 


all items of bedroom furniture: wardrobes, 
dressing tables, tallboys, chests of drawers and 
bed ends. In general, the uniformity of drying 
over all surfaces of these articles is very good, 
though the inner vertical surfaces of “ well” 
type dressing tables (which are partly shadowed) 
are slower to dry than the other surfaces. 

All the important structural joints in modern 
plywood furniture and radio cabinets are bonded 
with synthetic resin glues, and no glue failure or 





Fig. |.—A lamp tunnel in use in the Research Laboratories for drying the cellulose 
finish on wardrobes. 


The radiant heating plants used for this work 
are in the form of tunnels made up of rows of 
lamps and reflectors which are positioned 12-18 
in. from the nearest part of the article being 
treated (fig. 1). The lamps are of the standard 
115 volt, 250 watt internal reflector pattern used 
for stoving metal finishes, but the intensities in 
the tunnels are much lower. Thus whereas 
flux densities of radiation equivalent to power 
inputs to the lamps of up to 1,000 watts per sq. 
ft. of tunnel surface area are commonly used for 
stoving metal finishes, the corresponding figure 
for cellulose wood finishes is 200 watts per sq. 
it. This reduced intensity is obtained by spacing 
the lamps well apart or by running them at 
reduced voltage. 

A radiant heating plant of fixed lamp and re- 
tector contour has considerable versatility. Thus 
one contour is satisfactory for all sizes of radio 
and television cabinets and another will handle 


timber distortion has ever been experienced 
during radiant heat drying. The freedom from 
distortion is perhaps explained by the fact that 
the heating period is short and the heating 
confined mainly to the outer surfaces of articles. 
Because of the absence of deep heating, there is 
very little evaporation of moisture from the 
timber and no warping. The interior of an 
article such as a wardrobe is heated very little 
during drying and joints on the internal walls 
made with animal glue (which is sometimes used 
for securing ribs, rails, etc.) are unaffected. 

The temperatures reached at a point very close 
to the surface of a panel were measured during 
drying using a thermo-junction made of 42 
S.W.G. (0.004 in. diameter) copper and con- 
Stantan wires, butt welded together. This 
junction was laid at the centre of a light score 
line, 6 ins. long in a } in. thick oak-veneered 
plywood panel. The depth of the score mark was 
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about the same as that of the grain lines in the 
veneer and the junction was practically at the 
surface. The lead wires were taken along the 
score mark at either side of the junction (to 
avoid heat losses by conduction away from the 
junction) before being taken out at the back of 
the panel. The score line was filled during the 
normal filling operation. ‘Temperature readings 
obtained during a 6 minute drying cycle, with 
a medium oak finish on the panel, are given in 
fig. 2. 

Many existing fillers, sealers and lacquers 
are suitable without modification for force dry- 
ing. However, unless the proper procedure is 
followed, blistering of the finish is liable to occur. 
This apparently results from the evaporation, at 
excessive rate, of the solvents and diluents in 
the film after a surface skin has formed. To 
avoid blistering, it is necessary to comply with 
the following requirements. 

1. Filling must be done properly on a well- 
prepared surface. This is_ particularly 
important on coarse-grained woods such as 
oak. Unfilled pockets in the grain can 
later become filled with lacquer, and 
blisters which sometimes develop during 
subsequent stoving are probably caused by 
the evaporation of volatiles from the 
lacquer contained in these pockets. 

2. The film thickness of the lacquer must not 
be excessive. This necessitates the control 
of lacquer viscosity and spraying technique. 

3. The flash-off time must be adequate. 

4. The flux density of radiation in the stoving 
plant and the heating time must be correct. 


Once the proper technique has been mastered 
there is no difficulty in obtaining consistently 
good results in production, with negligible 
trouble from blistering. 

A limited amount of work has been done with 
hot lacquers, but with the materials so far tried 
it has not been found possible to avoid blistering, 
even with flash-off times as long as an hour. 


ADVANTAGES OF RADIANT HEAT DRYING 

IN PRODUCTION. 

The advantages of using radiant heat drying 
result almost entirely from the saving in process- 
ing time which it permits. Table 1 shows the 
drying times on a typical schedule when air 
drying and alternatively radiant heat drying are 
used. As mentioned earlier, there are no hard- 
and-fast schedules or standards of dryness 
universally applicable to wood finishing pro- 
cesses. Much depends on the standard of finish 
regarded as acceptable and on the amount of 
handling the article receives immediately after 
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finishing. However, if drying is skimped, a 
fault known as “ sinkage”’ will occur. ‘This is 
caused by the gradual contraction of the filler 
after finishing and the gradual evaporation of 
residual solvents in the film. When it occurs, 
the grain texture shows through again after a 
time and the surface no longer retains its smooth- 
ness. Radiant heat drying provides a means of 
reducing or eliminating sinkage whilst also 
giving much shorter drying times. Two walnut 
panels were prepared exactly in accordance with 
the schedules in Table 1 except that the filler on 
the air-dried panel was allowed to dry overnight 
for seventeen hours instead of for the stated 


TABLE 1. 


COMPARATIVE RADIANT HEAT-DRYING 
AND AIR-DRYING TIMES FOR A TYPICAL 
CELLULOSE COLD LACQUER FINISHING 











SCHEDULE. 
Drying Time. 
Process. - — 
Radiant 
Heat Air 
Drying. Drying. 
Fill - - — 
Flash Sa ie 5 minutes) 
Dry ... aad san Die >8 hours 
Cool ... a J 
Spray sanding sealer - 
Flash eke ...  10minutes  ) 
oa aaa ree _ > 30 minutes 
Cool ... a as . ae | 
Spray colour 
Spray first coat lacquer 
Flash bool saa 15 minutes} 
a si 7 == >» 2 hours 
 - ass 9 15 
Spray second coat 
lacquer oat 
Flash id sien 15 minutes | ) 
Dry ... a is =. > 2 hours 
Cool ... re bak 15 
| Flat 
Pull over can 
Flash Sat ... 10minutes | 
a ins _ 6 « > 6 hours 
Cool ... ed ine 15 
Burnish 
Pack 
Total drying time 2 hours 18 hours 
‘including flash-off 40 minutes 30 minutes 
and cooling 
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TEMPERATURE, DEGS. F 


INPUT POWER 
DENSITY 250 
WATTS PER SQ. FT. SOOWATTS PER.SQ-FT. 


HERMO-JUNCTION 
ENTERED LAMP PLANT 
0 2 4 


ch 
- 


6 8 
TIME, MINUTES 





head monorail conveyor and all stov- 
ing operations are carried out in a 
single lamp tunnel. The filler is 
air-dried overnight and the plant is 
used for the drying of each of three 
subsequent cellulose coats. After 
each coat has been sprayed, the 
cabinets pass through a flash-off tunnel 
and then through a 32 ft. radiant 
heating plant where the finish is 
dried in 6} minutes. The radiant 
heating plant has a maximum loading 
of 46 kW and an operating loading 
of 35 kW. It will handle 2,500-3,000 


12 4 cabinets per 40 hour week. 


Equipment for drying the finish on 


Fig. 2.—Temperatures measured at a point near the surface of a {-in. walnut-vencered seoarpiir eed oe ” 
thick oak-veneered plywood panel during drying of the medium oak Shown in fig. 4. Again the filler 
finish. The panel was heated for 6 minutes while travelling on a is air-dried overnight and the plant 


conveyor 12 ins. below a 4 ft. long, 18 ins. wide lamp bank. 


eight hours. The panels were allowed to stand 
for twenty-eight days. Sinkage on the force- 
dried panel was only just detectable whereas on 
the air-dried panel it was appreciably more 
noticeable. 

Thus in comparing the drying 
times given in Table 1], it must be 


is used for stoving the lacquer coats. 
The fillets are carried on a 45 ft. long 
wire mesh belt conveyor and pass 
through a 12 ft. lamp plant having an effective 
width of 4 ft. The plant is so placed on the 
track that the fillets receive a 15 minute flash- 
off, 9 minute stoving and 10 minute cooling 
before being off-loaded. Fig. 5 shows some of 





remembered that the quality of the 
finish force-dried in less than three 
hours is actually better than that of 
the finish air-dried for eighteen and 
a half hours. 

Because of the slowness of the 
customary air-drying processes, it has 
not hitherto been possible to mechanise 
handling during wood finishing opera- 
tions to anything like the extent 


try, where often a single compact 





common in the metal finishing indus- 


conveyor takes work through succes- 
sive painting, stoving and cooling Pod 
Sections to the final unloading and 
packing station. With the introduc- 
tion of radiant heat drying, similar 
methods become possible in wood 
finishing shops. 

Fig. 3 shows diagrammatically the 





layout of a plant which has been in N 


operation for over two years for drying a 
the finish on radio cabinets veneered 
with walnut, mahogany, maple and 
sycamore. Here, the cabinets are 
supported on hangers from an over- 





F.g. 3.—Layout of plant for finishing radio 
cabinets. 
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the mouldings. All are dried satisfactorily when 
irradiated from above by a flat bank of lamps. 
The lamp plant has a loading of 8-6 kW and 
handles 300 sets of fillets (about 10,000 pieces) 


per 40 hour week. 

There are many resul- 
tant advantages in econo- 
my of production when 
a drying process is speeded 
up to the extent that a 
comparatively short con- 
veyor carrying work 
through a drying plant 
is able to replace a slow 
air-drying process. Since 
the drying time is much 
reduced the floor space 
occupied during drying is 
also reduced and storage 
trucks and racks are no 
longer necessary. By suit- 
ably positioning the drying 
plant on the conveyor in 


relation to the spray booths and off-loading 
position, the required flash-off, stoving and cool- 
ing times are obtained automatically. Since 
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handling costs are reduced and expense is no 
longer incurred in rectifying damage caused by 
handling. The saving in processing time is itself 
a great advantage when finished work is required 


urgently to meet an unexpected demand ; with 
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Fig. 5.—Selection of the mouldings dried in the plant shown in fig. 4. 
(Courtesy of Jaguar Cars Ltd.) 


manual handling between operations is avoided, 


Fig. 4.—Plant in operation for drying the cellulose finish on wainut- 
veneered motor-car fillets. 





(Courtesy of Jaguar Cars Ltd.) 


radiant heat drying, it is possible to go from 
white wood to the finished product in three hours 
without sacrifice of quality. 


SYNTHETIC RESIN FINISHES. 


Stoving synthetic resin finishes have 
been used for many years for the pro- 
tection and decoration of articles fab- 
ricated from metal; their adoption as 
wood finishes has, however, been ham- 
pered by the difficulty of heating them 
sufficiently for curing to take place 
without at the same time causing 
overheating and distortion of the 
wood. Progress has been made 
during the last few years following 
the development of materials capable 
of being hardened by stoving for 
one hour in an oven maintained at 
an air temperature of 140 degs. F. 
Although wood will distort when 
heated in an ordinary oven under 
these conditions, it will not do so if 
steam is injected and the relative 
humidity controlled between 40 and 
45 per cent. The stoving process 
therefore consists of bringing the 
article up gradually over a period of 
15-30 minutes in a preheating zone 
(to avoid dew deposition) and then 
keeping it in a zone at the specified 
temperature and humidity for one 
hour. Stoved synthetic resin finishes 
produced in this way have advantages 
over cellulose in hardness, toughness 
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Fig. 6.—Plant for stoving a synthetic resin finish on veneered panels up to 
8 ft. by 5 ft. (Courtesy of Saro Laminated Wood Products Ltd.) 


and in resistance to heat and solvents. The pro- 
cess is in limited commercial use for the finishing 
of furniture and motor-car fillets. A disadvantage 
is that the ovens are necessarily rather large, 
elaborate and costly because they must be capable 





of accommodating one-and-a-half hours’ pro- 
duction and must incorporate equipment for 
maintaining a controlled humidity throughout 
the stoving cycle. 

Experience on the radiant heat stoving of 





Fig. 7.—Radiant heat stoved ‘* Sar-Rez ’’ synthetic resin finished panelling installed in the 
latest Metropolitan Line stock of the London Transport Executive. (Courtesy of Saro 
Laminated Wood Products Ltd.) 
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synthetics on wood has so far been confined 
almost entirely to work in co-operation with 
Saro Laminated Wood Products Ltd. on clear 
and pigmented finishes applied to flat panels. 

Fig. 6 shows a general view of the plant for 
stoving these panels. They are first sanded and 
sealed with a brush-applied coat of a synthetic 
resin filler which is air-dried for 4-6 hours. 


40; 
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Fig. 8.—Typical heating curve during the stoving of synthetic resin 
finishes. The method of measurement was similar to that for the 


curve in fig. 2. 


They are then sanded again and sprayed with a 
coat of “‘ Sar-Rez 3”, a modified urea-based 
material with added plasticiser. This is allowed 
to flash-off for 30-40 minutes and the panels are 
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placed on a 52 ft. long wire mesh belt conveyor 
which carries them through an 18 ft. by 6 ft. 
lamp plant in which the finish is stoved in 5-7 
minutes. The panels receive altogether between 
three and five coatings, each of which is stoved 
separately. They are then polished and supplied 
to the user ready for installation without further 
attention. The process is equally suitable for 
stoving clear finishes on decorative 
veneers and for stoving pigmented 
finishes. The panels are used exten- 
sively in ship, aircraft and railway 
work (fig. 7). 

The stoving plant is made in three 
6 ft. long sections which are withdraw- 
able separately for servicing. It has a 
maximum loading of 54 kW and is 
switched so that the intensity of heat- 
ing can be varied independently within 
wide limits in each of the three sec- 
tions. Input power densities of 
250-500 watts per sq. ft. are used 
and it is found advantageous to work 
with a greater intensity at the end 
than at the beginning of the stoving 
cycle. Temperatures are higher 
than during the drying of cellulose 
(fig. 8). Important features of 
the radiant heat stoving plant 
are its compactness and ability to handle 
work continuously. It will stove a three-coat 


finish on 12,000 sq. ft. of panelling per 40 hour 
week. 





Lighting of the “ Vera Cruz” 


HHLUVUUHTULLLUTULLLLTHULULLLHEELLLHTELLL 
The “ Vera Cruz’, of 
the Cia Colonial de Nave- 
gacao, Lisbon, is the biggest 
Portuguese liner afloat. The 
G.E.C. has been responsible 
for the cold cathode lighting 
throughout the ship; in all, 
some three-quarters of a 
mile of Osram tubing has 
been used. The illustration 
shows indirect lighting of the 
Second Class Smoke Room 
by gold and ivory tubes in 
the cornices which blends 
with the tungsten light from 
the gilded wall-lanterns. 
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Cleaning Small Coal by Froth Flotation 


By H. G. HAGUE, M.Inst.Fuel 
Fraser & Chalmers Engineering Works 





INTRODUCTION. 

HE “Chance” sand 
flotation process has 
been successfully ap- 

plied to cleaning raw coal 
down to 10 mesh size for 
many years, and before the 
advent of serious mechanisa- 
tion in the coal mines the 
fines minus 10 mesh were 
sufficiently clean to enable 
them to be mixed back with 
the larger cleaned sizes and 


recovered. 





Mechanisation in the mines 
has been responsible for an in- 
crease both in the percentage of 
fines and tn their ash content. It 
1s thus necessary to clean the 
fines before they can be of com- 
The author de- 
scribes the development of the 
process of froth flotation by which 
this very fine coal can now be 


mercial value. 


ferous separations and to the 
cleaning of very fine coal 
below 30 mesh in size. 


FROTH FLOTATION 

PROCESS. 

Small laboratory circulator 
cells, already available in the 
Flotation Laboratory at 
Wembley, were used for these 
experiments, but it was soon 
realised that with the existing 
known methods the size 








still give a sufficiently low 
ash content in the mixture for market require- 
ments. The minus 10 mesh was screened out 
of the raw coal on “‘ Sherwen ” vibrating screens 
before cleaning, and high screening efficiencies 
were obtained because the coal seldom exceeded 
4 per cent moisture and could be screened dry. 

Since mechanisation, however, both the 
amount of fines and their percentage ash content 
have increased to such an extent that it is now 
necessary to clean them before they can be 
mixed back with the larger sizes, or be of com- 
mercial value as a separate product. 

Mechanisation has also accermtuated the dust 
nuisance at the coal face and it has therefore 
been necessary to apply dust suppression methods 
to minimise the risk of pneumoconiosis among 
the miners. This has been achieved by water 
infusion and spraying, but it has so increased the 
moisture content of the fines that it is now im- 
possible to screen them out of the raw coal 
without the aid of water. 

To enable these conditions to be met and 
coal preparation plants to be built which are 
capable of cleaning the whole output from the 
collieries, it was necessary to develop some 
apparatus to clean the minus 10 mesh fractions. 
Accordingly, it was decided in conjunction with 
the Research Laboratories at Wembley, to experi- 
ment with froth flotation because this process 
had already been successfully applied to metalli- 


range was too great to obtain 
satisfactory results and a careful study of the 
problem ensued. 

Briefly, the principle of so-called froth flotation 
consists of separating particles of differing surface 
characteristics rather than of differing specific 
gravities. This is achieved by floating to the 
surface particles that readily adhere to bubbles 
artificially created in an aqueous medium. 

Cresol, a by-product of coal, is an excellent 
reagent for producing a mass of large durable 
bubbles if mixed in a ratio of about | to 3 Ibs. 
per 2,240 gallons of water. 

All substances, solids and liquids, possess 
surface characteristics which act mutually upon 
one another and it is fortunate that in the case of 
raw coal the particles of clean coal more readily 
adhere to the bubbles than do the dirt or shale 
particles, and separations are therefore possible 
due to the greater flotability of the coal. 

In theory, therefore, bubbles produced in the 
bottom of a vessel containing water and raw coal 
would rise rapidly to the surface and carry with 
them the particles of clean coal, leaving the shale 
particles at the bottom, but as the particles vary 
in weight, both due to size and specific gravity, 
and as the bubbles have a limited carrying 
capacity, the size of the particles that can be 
treated is limited. 

As an example, a small particle of shale of high 
specific gravity may weigh less than a larger par- 
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‘ticle of coal of a lower specific gravity ; but a 


yubble sufficiently large to carry the particle of 
:oal to the surface of the water may also carry the 
article of shale due to its lower weight. 

When fine raw coal of below 30 mesh in size 
s being treated, this feature does not affect the 
eparating efficiency to any large extent, but even 
© some very small shales are carried to the 
urface with the coal and some of the larger 
yarticles of coal remain at the bottom with the 
shales. 

The tests carried out at Wembley in small 
-irculator cells using cresol as a frother reagent 
gave encouraging results on sizes up to 10 mesh, 
and led to the installation of a froth flotation pilot 
plant at a South Wales colliery, where experi- 
ments could be carried out continuously and on 
a larger scale. 

Results from this plant immediately showed 
that, to obtain separating efficiencies on sizes 
below 10 mesh equivalent to those being obtained 
on sizes below 30 mesh, some means had to be 
found either for decreasing the flotability of the 
shale or increasing the flotability of the coal, 
and conditioning equipment was therefore added 
to the pilot plant. 

A wetting reagent was first tried to decrease 
the flotability of the shales but, while this was 
successful to some degree, it did not exactly 
solve the problem and was also costly due to the 
excessive quantity of wetting reagent required. 

The alternative treatment was then applied by 
admitting a reagent to increase the flotability of 
the coal and this was found to be much more 
satisfactory. 

Creosote, another by-product of coal, was 
eventually found to be a suitable reagent when 
mixed in a ratio of about 1 to 2 lbs. to 2,240 
gallons of water. 

The creosote appears to form a very thin film 
around each of the coal particles, thus making 
them more readily attractive to the bubbles and 
more flotable. The shale particles, on the other 
hand, appear to be relatively unaffected by the 
creosote and in consequence are not readily 
floated. 

While it was difficult to ascertain accurately the 
length of time required thoroughly to condition 
the coal, experiments proved that one minute 
was sufficient, and that no improvement was 
obtained in the flotation results when longer con- 
ditioning was allowed ; the conditioning equip- 
nient was therefore designed on this basis. 

Numerous tests were run on the pilot plant 
using creosote as a conditioning reagent and 
cresol as a frother reagent on various types of 
raw coal, and excellent results were obtained on 
sizes up to 10 mesh as shown in Table 1. 


It will be seen from the table that the ash 
content of the clean coal from the successive 
cells gradually increases as the size of the product 
decreases, this being due, as explained previously, 
to the variation in size and specific gravity of the 
particles. The final loss of the larger particles of 
clean coal in the shales is, however, negligible, 
as will be seen by the high ash content of the plus 
14 mesh shale. 


COAL PREPARATION PLANT EMBODYING FROTH 
FLOTATION. 


To enable the reader to follow the process 
a brief description of a coal cleaning plant is 
given below. 

Fig. 1 shows a single line diagram of a plant 
for cleaning 350 tons an hour of run-of-mine 
coal. 

The whole colliery output is first screened at 
8 ins. or 10 ins., the oversize from these screens 
being reduced to 8 ins. or 10 ins. by pick breakers. 

The coal, including the broken coal, is then 
passed over a battery of screens fitted with plates 
of various sized apertures culminating in meshes 
of 10 B.S.S. Water sprays are fitted to these 
screens to remove the fines adhering to the 
larger coal and also to assist in screening at 10 
mesh on account of the coal being wet. 

The plus 10 mesh coal passes directly to the 
Chance sand flotation cleaner where it is cleaned, 
sized and loaded to wagons in the usual manner, 
while the minus 10 mesh passes with the spray 
water into a cistern situated below the screens. 

As a water/coal ratio of approximately 10 to 1 
forms an ideal pulp for froth flotation, the screen 
spray water is regulated to this amount, but it is 
interesting to note that efficient screening can 
be obtained on wet coal at 10 B.S.S. on Sherwen 
screens with a water-solids ratio as low as 
24 to 1. 


FROTH FLOTATION PLANT. 


From the cistern the coal and water pulp is 
pumped to the froth flotation plant (fig. 2). 

The froth flotation machine consists of a bank 
of cells in series, each cell having a 39 in. square 
agitation box, which are usually arranged in 
groups of eight, two for conditioning and six for 
frothing. 

Each agitation box has its own cruciform 
impeller running at about 270 r.p.m., driven in 
pairs by one vertical spindle 15 h.p. motor. 
Wearing plates are fitted in the bottom of each 
agitation box immediately below the impeller. 

Frothing chambers are mounted in front of 
each agitation box into which the bubbles rise 
and while these frothing chambers are not 
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actually necessary on the conditioning cells, readily flotable, sink in this chamber and eithe- ‘tte 
they do allow of flexibility should it be found that pass over the side weir or through the cone valve ‘he 
more frothing than conditioning capacity is into a lower compartment from where they are my 
required, and vice-versa. drawn into the next cell for further treatment. a7 
The coal and water pulp, to which is added Additional frothing reagent can be added to this dra 
the requisite amount of conditioning reagent, cell to increase the flotability of the remaining de- 
is fed to the first conditioning cell where it is coal particles and thereby float them to the sur- ik 
thoroughly agitated and then passed to the face of the frothing chamber attached to this dis 
second for further treatment if necessary. unit. ur 
From this cell the conditioned pulp is fed into The residue from this chamber passes to the alt 
the first flotation cell agitation box where the next agitation box and so on throughout the >ol 
requisite amount of frothing reagent is added. series until it reaches the last cell where prac- us 
The air entrained by the agitator creates bubbles tically the whole of the coal has been recovered 
which can only escape with the pulp into the and only the pure shale is left to be discharged TH 
frothing chamber, and it is in this chamber that from the bottom of the last frothing chamber. ; 
the first stage of separating the coal from’ the | 
Shale begins. FILTERING. del 
The cleanest particles of coal are immediately The clean coal, together with the froth, is fro 
attached to the bubbles and are carried to the collected in a launder mounted in front of the 
surface of the chamber where they are scooped frothing chambers from where it gravitates to a i 
off into the clean coal launder by slow moving rotary vacuum filter for recovery. Briefly the an 
paddles. The shales, and the coal which is less vacuum filter comprises a revolving drum aa 
in 
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Fig. |.—Diagram of coal preparation plant. 
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fitted with a fine woven mesh cloth on to which 
the coal and froth are delivered, and, as the term 
‘mplies, a vacuum is created inside the drum by 


1 pump which breaks down the bubbles and 
draws the water into the drum, leaving the 


de-watered coal to be ploughed off the drum with 


1 knife-edged blade. Assistance is given to the 
lischarging of the coal by supplying air at pres- 
sure at the point where the blade is fixed to the 
filter. The water from the broken-down froth is 
>ollected from the centre of the drum and re- 
curned to the system for further use. 


THICKENING. 


The shales, with practically all the water that 
nas been used in the froth flotation machine, are 
delivered to a thickener for recovering the solids 
from the water. 

These thickeners are usually large shallow 
circular tanks with a bottom sloping to the 
centre and are fitted with slow moving rakes to 
scrape the settled solids to a central discharge 
in the bottom. From the bottom of this thick- 
ener it is usual to pump the shales to waste by 
means of a diaphragm type pump. The water 
rising to the overflow of the thickener passes 
over a weir into a water sump from where it is 
pumped back to the plant to be used again. 


WATER CLARIFICATION. 


To assist in the settling of the very fine shales 
in the thickener and to obtain a solid-free water 
for re-use, flocculating reagents are added to the 
shales and water entering the thickener so as 
to coagulate the solids and give them a higher 


settling rate. Provided there is not an excessive 
quantity of soluble clay in the shales, gin clear 
water can be recovered by using starch reagents. 


ECONOMIES. 


While froth flotation of small coal is of neces- 
sity a costly process, due chiefly to the consump- 
tion of conditioning, frothing and flocculating 
reagents, it does enable a commercial product to 
be obtained which without some form of treat- 
ment would be a waste product. The approxim- 
ate cost to clean coal by this method, including 
capital depreciation, is in the neighbourhood 
of four to five shillings per ton, and it will 
readily be seen that with the present-day cost of 
coal, tremendous savings are achieved. 


CONCLUSION. 


The development of the froth flotation process 
to clean small coal efficiently up to 10 mesh size, 
has enabled Fraser & Chalmers to produce a 
two-process coal preparation plant capable of 
mechanically cleaning the whole run-of-mine 
output from the collieries. 

It is believed that this has made it possible to 
obtain a higher yield of clean coal at a given ash 
content than any other process yet developed 
and at a lower operating cost per ton of raw coal 
treated. In the future, after sufficient plants have 
been installed, it should enable consumers to 
obtain a much better quality fuel than is now 
available and in consequence become of great 
value in the national economy in view of the 
importance, at the present time, of making the 
best use of all the coal mined. 
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Fig. 2.—Froth flotation plant. 
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The Electrocution of Whales 


By R. MARSDEN 


Business Development Department. 





A typical catcher heading for the Antarctic. 
(By courtesy of A/B Svensk Filmindustri.) 


HALING is an old-established industry, 

and it is therefore remarkable that so 

little is Known about the breeding and 
growth of these sea-going mammals. Recently, 
the industry has benefited from an orderly 
scientific approach, and to avoid their total 
extinction the number of whales that may be 
taken yearly is now a matter of international 
agreement. 

To-day, the whale is a very valuable source of 
food, and much thought and experiment are 
being devoted to increasing the efficiency and 
humanity of the method of whale catching. The 
use of the explosive head harpoon is, to say the 
least, a very barbaric procedure, and it was this 
aspect that prompted Major Hume, of the Uni- 
versities’ Federation for Animal Welfare, to press 
for an abatement of such cruelty. This can now 
be achieved by means of electrocution, which 
despatches the whale painlessly in a matter of 
some three minutes, as against the two hours of 


agony which it may suffer from the explosive 
head harpoon. 

It is worth emphasising here that from a purely 
commercial viewpoint the electrical method of 
killing whales has two outstanding advantages: 
first, the speed with which the whale is des- 
patched, and the consequent saving in labour 
and expense ; second, the very much better 
quality of the whale meat obtained. Hitherto, 
quantities of adrenalin have automatically been 
released by the wounded whale in an effort to 
staunch the flow of blood which had the undesir- 
able effect of rendering the flesh tough and 
unpalatable. Electrocution appears to prevent 
anything like this occurring. 

The post-war success of the electrical method 
is due largely to The United Whalers Ltd., who, 
under the direction of Sir Vyvyan Board, a 
Director of the Company, co-operated whole- 
heartedly in its development and bore the heavy 
cost of providing the ships, crews and scientific 
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equipment required for extensive experimental 
work in the Antarctic. The Norwegian Com- 
any, Elektrohval, of Oslo, also associated itself 
closely with these investigations. 

So much importance did Sir Vyvyan attach 
‘0 these trials, that he decided to join the 1949-50 





Sir Vyvyan Board (right), and Mr. Robert 
Marsden, at the bow of an experimental 
catcher. 


Expedition, accompanied by the author, on a 
voyage of 15,000 miles round the Antarctic 
Continent, in a whaler of the Balaena Fleet. 
Mr. Dagfinn Bréther, of Elektrohval, and Mr. 
Venaas, of The Konsberg Gun Factory, also 
accompanied the expedition, and the latter 
operated the Konsberg standard gun as a means 
of launching the 150 Ib. electric harpoon. 

Mr. Roy Hill, of Westley Richards & Co. Ltd., 
Birmingham, on another catcher, assisted in the 
scientific collection of data under service condi- 
tions by carrying out experimental shooting 
with a lighter type of gun, of spigot design, 
manufactured by that company, using an electric 
harpoon of considerably less weight. Further 
experiments are taking place in this develop- 
ment which has the advantage of operating with 
an electric forerunner cable of reduced weight, 
specially designed by The Pirelli-General Cable 
Works, Ltd. 


The development in practical form of the 
fundamentally simple idea of electrocution has 
been anything but simple. It is here that the 
wide experience of the G.E.C. in so many fields 
of electrical engineering has been of particular 
value. The equipment required involved the 
design and construction of a single-phase A.C. 
generator, with somewhat unusual characteristics, 
control gear and a special electric cable, attached 
to the harpoon, capable of carrying the electrocu- 
tion current. The electric cables are carried 
inside the forerunner rope, as part of the core, 
and have to be extensible in conformity with the 
nylon rope, up to 40-50 per cent of their length. 
This formidable problem in cable design was 
successfully solved by The Pirelli-General Cable 
Works, Ltd. Manilla rope may also be used, 
but latterly this has been superseded to a large 
extent by nylon rope, manufactured by British 
Ropes Ltd., which has many operational advan- 
tages. 

Summarising the reports received from the 
Antarctic Expeditions of 1949-50, and later, it is 
evident that the shooting, killing and tying up of 
a whale, when electrocution is used, takes con- 
siderably less than the average time required 
with the older method, thus the actual cost for 
each whale killed is therefore materially reduced. 

It now seems certain that the progressive 
improvement in the technique of electric whaling 
which will ensue as a result of greater experience, 
will eventually lead to its superseding the older 
method completely. It is significant that each 
year more and more companies are now seriously 
considering adopting the electrical method. 





A Norwegian gunner on the gun platform. 
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RANDOM NOISE, RATE OF 
OCCURRENCE OF PEAKS 
(465).* 

By V. J. Francis (Research Laboratories). 


Wireless Engineer, Vol. XXIX, pp. 37-40, 


February, 1952. 

In this paper are giver the results 
of approximate calculations on the 
number of peaks occurring above 
various amplitude levels on a noise 
trace, the work bearing particular 
reference to the London Birming- 
ham Television Radio Relay Link. 
The calculated results are compared 
with those of experiments made in 
the Laboratory to count the 
number of noise peaks above 
various amplitude levels on a sys- 
tem simulating as nearly as possible 
that of the Relay Link. An attempt 
is also made to relate these tests to 
the perceptible level of noise peaks 
on actual television pictures. 


DIPOLE AERIALS IN 

PROXIMITY (466).* 

By R. G. Medhurst (Research Labora- 

tories). 

Wireless Engineer, Vol. XXVilil, pp. 356-358, 

December, /95!. 
It is shown how the integrals 
developed by Li. G. Chambers, 
expressing the mutual impedance 
between a pair of crossed half- 
wave dipoles, can be converted into 
a sum of sine and cosine integrals. 
The anomalous result when the 
angle of separation tends to zero is 
discussed. It is concluded that it is 
unsafe to use the thin-aerial theory 
unless the aerials are parallc:. 


CLOSE 


PSEUDO-CUBIC ALKALINE- 
EARTH TUNGSTATES AND 
MOLYBDATES OF THE R.MX, 
TYPE (470).* 
By E. G. Steward and H. P. Rooksby (Re- 
search Laboratories). 
Acta Crystallographica, Vol. 4, Part 6, pp. 503- 
507, November, /95/. 
The formation of R,WO,-type 
alkaline-earth tungstates  con- 
taining one or more alkaline-earth 
metals is described. They have 
structures approaching, and in some 


* A limited number of reprints is available of those papers marked with an asterisk. 


examples attaining, cubic symmetry 
(space group Fm3m-O5,). A struc- 
ture, suggested by analogy with 
(NH,)sFeF,, is tested and found 
to be correct in representing this 
arrangement. 

The deformations from true cubic 
symmetry exhibited by the com- 
pounds are briefly discussed, and 
examples are given of the tempera- 
ture dependence of this deforma- 
tion. 

Molybdates of the same type may 
be formed. 


STRUCTURE TRANSITION 
AND ANTIFERROMAGNET- 
ISM IN MAGNETITE (473)*. 

By N. C. Tombs and H. P. Rooksby (Re- 
search Laboratories). 


Acta Crystallographica, Vol. 4, Part 5, pp. 474- 
475, September, /1951!. 


The results of a new investigation of 
the crystal structure of magnetite 
at temperatures down to that of 
liquid air (approximately 95 degs. 
K.) are reported. By means of 
X-ray powder photographs it has 
been possible to show that a struc- 
ture transition occurs at low tem- 
perature, and that this comprises a 
rhombohedral deformation of the 
ideal cubic lattice. 


DENSITY CHANGES IN FUSED 

SILICA (477).* 

By R. W. Douglas and J. O. Isard 

search Laboratories). 

Trans. Soc. Glass Techn., Vol. 35, pp. 206-225, 

1951. 
In continuation of previous work 
on the configuration changes of 
glass in the transformation range, 
the density changes occurring in 
fused silica at 1,000 degs.-1,500 
degs. C. have been studied. The 
equilibrium density curve has been 
determined and the time taken to 
reach equilibrium found for various 
temperatures. The coefficient of 
expansion at temperatures below 
1,000 degs. has been found to alter 
when the configuration changes ; 
the density changes measured at 
room temperature are corrected 


(Re- 


for change of expansion in order 
to give the changes of density at the 
temperatures of heat treatment. 
The equilibrium density of fused 
silica is found to increase with in- 
creasing temperatures, and this is 
attributed to the tendency of the 
open random network structure to 
break down at higher tempera- 
tures. 

The final section gives preliminary 
results on measurements of the 
volume of fused silica as a function 
of pressure in addition to time and 
temperature. 


THE EQUIPMENT AND FUNC- 
TIONS OF AN ILLUMINA- 
TION LABORATORY (484).* 


By H. F. Stephenson (Research Labora- 
tories). 


Trans. !.E.S. (London), Vol. XVII, No. |, 1952. 


This paper reviews typical prob- 
lems arising in an Illumination 
Laboratory and the apparatus and 
techniques used in their solution. 
A distinction is drawn between the 
functions of Photometric and Illum- 
ination Laboratories. Theappraisal 
of lighting equipment, lighting sys- 
tems and the many testing pro- 
cedures which are remote from 
formal photometry are discussed. 
The requirements of a building 
suitable for this type of work are 
also described. 


PRINCIPLES OF LIGHTING. 


By W.R. Stevens (Research Laboratories) | 

Constable & Co. Ltd., London, 1951. 
The purpose of this book is to 
describe the principles underlying 
different types of lighting installa- 
tion and to exemplify them by 
current good practice. The earlier 
chapters contain the bulk of the 
information on such matters as 
photometry and colorimetry essen- 
tial to the engineer in his work on 
design. The rest of the book deals 
with lighting method, generally 
under the headings of different 
situations, such as offices, airports, 
factories. 


Copies 


may be obtained on application to the Editor, G.E.C. Journal, Magnet House, Kingsway, W.C.2. 








